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INTRODUCTION 

This issue of Aeronautical Engineering - A Continuing Bibliography with Indexes(NASA SP-7037) 
lists 193 reports, journal articles, and other documents recently announced in the NASA STI 
Database. 

Accession numbers cited in this issue include: 
Scientific and Technical Aempace Reports (STAR) (N-1 oo00 Series) N95-24195 - N95-26341 

A9577373 - m5-02073 
The coverage includes documents on the engineering and theoretical aspects of design, construc- 
tion, evaluation, testing, operation, and performance of aircraft (including aircraft engines) and 
associated components, equipment, and systems. It also includes research and development in 
aerodynamics, aeronautics, and ground support equipment for aeronautical vehicles. 

Open Literature (A-60000 Series) 

Each entry in the publication consists of a standard bibliographic citation accompanied, in most 
cases, by an abstract. The listing of the entries is arranged by the first nine STAR specifii cat+ 
gories and the remaining STAR major categories. This arrangement offers the user the most 
advantageous breakdown for individual objectives. The citations include the original accession 
numbers from the respective announcement journals. 

Seven indexes--subject, personal author, corporate source, foreign technology, contract number, 
report number, and accession number-are included. 

A cumulative index for 1995 will be published in early 1996. 

The NASA CAS1 price code table, addresses of organizations, and document availability informa- 
tion are located at the back of this issue. 
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AS79237 
STUDY OF SUBSONIC BASE CAVITY FLOWRELD 
STRUCTURE USING pmncu IMAGE VELOC~METRY 
MiCHAELJ.MOLEjLZl U n i v o f I W i a t l J ~  ‘gr. ulbane. 

1452) vol. 33. IIO. 2 F e b V  1995 p. 201-209 tefs 
(BTN-95-ElXs5222sso781) 

AWWpW9$nage velocinrebysystemtmsbeenusedtDsbdy 
the near-- struchrre ofahvp.dimenslarel . t)aseinfd.mcmkfiowtD 
determine the nuid mschansms . dobsenredbrrpedrag 
reducaoninthepresenceafabasecm@.Exp&nmBmnedawt~ 
a range ofireemmm Maeh nmbersupw 0.8. hduhg bcal fkwfidd 
velocities over300 mls Effects dale w CaVityanIhe nn - 
VOIteX arm wake Wemekudlobe fdaldblhe elpumm . a n d  
diMsion ofvwtices nearIhemity,dlhaghIhe~aredsmall 
magnihdeandn,~cttangeinlheMI$o(famalionkcadmor 
pathwasobserved.ThebasecavityefIedsarealso~significantat 
higher fmmream velodties dLe tothe fonnabon ’ ofunlimskalher 
downstreamfranthebase.Thebasecavitydragredrcbknwasfand 
tobemakdyduetothedisphcementdthebasesurfaceloabcadion 
upstream of the bw-pressure wake vatices, with only a m  modifi- 
cation in the vortex streel itself. (El) 

A9541077 
DETERMINATION OF PlLOTlNG FEEDBACK STRUCTURES 
FOR AN ALTITUDE TRACKING TASK 
NORlHlRO GOT0 Kylshu Univ. Fukuoka, Japan Journal of 
Guidance. Control. and Dynamics (ISSN 0731-5090) vol. 18, no. 1 
January-FebNety 1995 p. 163-185 refs 

Thefeedbadcstmcumenpbyedbyalepbtinasysbm~a 
choiceoffeedbadcstnrchresis- . LsingenMenaibCelion 
methodwhich~meubrsgressrve . schmemdas&gularvalue 
enalysis. The method is applied lo an analysis dlhe complier 
simulabiondataofaneltihde~tesk.ltissharm~thememod 
cannrakedearjudgementonulefeedbadcsbuchre. El 

IL, UnitedStatesandCRAlGJ.DUrrON AlAAJoumal(ISSNOOO1- 

(BTN-sS-EIXS5242670770) 

A95-81092 
INTEGRATED DEVELOPMENT OF THE EQUATIONS OF 
MOTION FOR ELASTIC HYPERSONIC FUQHT VEHICLES 
KARL D. BlLlMORlA Arizona State Univ, Tempe. Az. United States 
and DAVlD K. SCHMIDT Journal of Guidance, Control, and 
Dynamics(ISSNO731-5090) vol.18,n0.1 January-Feb-1995 
P.73-81 refs 
(~TN-sS-EIX9S%?67O?Sj) copyrighi 

Anintegrated.consistentsnalyticalframe;work~modelingthe 
dynamicsofelastichypersocricnivehideshaobeendeveloped 
usingmodalshapekrnctionsendinvaaromodelv&ationfrequerr 

obtained tram sbuctural dynamic anatpis. A . a P -  
proach was used to capture the dywnics of rigid-body moQion, 
elastic deformatkm. fluid flow. rotatino machhnf. wind. and a 

spherical roiating Earth model to accorntfor their mutual interac- 
tions. The r e d i n g  equationsofmotion govern the rigid-body and 

SAHJENDRA N. SINGH Univ of Nevada, Las V v ,  NV, United 
states. WOOSOON YIM, and WILLIAM R. WELLS Journal of 

were developed and presented ina usable form. 

A95-61099 
DIRECT ADAPTIVE AND NEURAL CONTROL OF WING- 
ROCK MOTION OF SLENDER DELTA WINGS 

January-Februatyl995 p.25-30 refs 

The question of wing-& wrppression of slender delta wings 
is considered. Based on a nonlinear model. an adaptive control law 
for wing-mck contrd is derived. In this derivation, it is assumedthat 
the aerodynamic paramete rsinthe nonlinear model arenotknown. 
The derivation ol a control law for wingrock appression using 

unknormisakotreated. Aradiibasisfunctionnetworlcisusedfor 
synthesizing the controller. An adaptation law is derived for adjust- 
ing the parameters of the network. Digital simulation resutts show 
that in the cksedloop system wing-& motion is suppressed using 
the adaptive and neural conbollers. Author (El) 

ASS-81101 
FUNDAMENTAL MECHANISMS OF AEROEUSTIC 
CONTROL WITH CONTROL SURFACE AND STRAIN 
ACTUATION 
KENNETH 6. LAZARUS Msa&u&b Inst of Technology. Cam- 
bridge. MA. Unbd Stabs. EDWARD F. C R A W .  and CHARRISSA 

elastic degrees of treedom. The appropriate kinematic equations 

Guidance. CUIWOI, and Dyoemics (ISSN 0731-5090) Wl. 18. no. 1 

(BlN-SsEIXB5242670748) &py@@t B 
neural ne- when the dynamics of wing rcck are canpletely 

Y. LIN 
5090) vol. 18. n ~ .  1 Januav-Feb- 1995 p. 10-17 refs 
(BTN-95-EIX95242670746) Copyriam 

journal Of Guidance, contrd. and Oynamic~ (ISSN 0731- 

AtypicalSdiOnefdySiSiSemQbyedbprovideanurderstand- 
ingofthe-mechansms . md--mPertam 
ing- ’ contrd.Theeffecerdbd~a&Uabdaerodynemic 
cadrdsutecesandinbcedsbainachralDlsan,includedinthemadel. 
T h e e # l i t y o f ~ a c h i a b r s 1 D e f f e c t ~  ~ ~ i s s l u b e d k r  
eachactustorkrdvidualyaswellasinvarousaxnbirrsltiars .The 
cadrdoptionsavailaMeareexaminedforsingleaput.~ 
(SISO) and mdtiple-input. mdtipleartput (MIMO) CbSicaJ and opti- 
m a l C U l t l d t a w s . A S t E k X S t ~ a n a l y s $ i s p e r f w m e d l o  

cadrdlawsfwdir lerentechratorsandachrator~ .Thecost 
canparisarsshawthatstrainactueban . isaneffeclivemeansd 
achieving- ‘ controlandaviableahmabve . loarliarlated 
contrdslfffacemeihods.Inaddition,~admhgesdusing~ 
acbebnrloavoidItnital&rsaregodafedwith- systems 
aredemorrsbated (El) 

N95-24200 Defence Science and Technolooy Organisation, 
Melbourne (AusWia). Airframes and  engine^ Div. 
AN OVERVIEW OF HEALTH AND USAGE MONITORING 
SYSTEMS (HUMS) FOR MILITARY HEUCOPTERS 
KENF.FRASER Sep.1994 41p 

 thee effectiveness o f m - ( w - i C ~ ( u ; H I )  
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(DSTO-TR-0061; AR-008-923) Copyright Avail: Issuing Activity 
(DSTO Aeronautical nad Maritime Research Lab., GPO Box 4331, 
Melbourne, Victoria 3001, Australia) 

The application of health and usage monitoring systems (HUMS) 
for military helicopters is lagging that for civil helicopters, but military 
operators are seriously examining the effectiveness of such sys- 
tems for their fleets. The material presented in this document is 
based mainly on the author's recent discussions with researchers, 
manufacturers and military operators. It outlines some of the impo- 
rtant issues which operators face and some initiatives in the area. 

Author 

N95-24201 
Melbourne (Australia). Airframes and Engines Div. 
HELICOPTER LIFE SUBSTANTIATION: REVIEW OF SOME 
USA AND UK INITIATIVES 
KEN F. FRASER Sep. 1994 26 p 

(DSTO Aeronautical and Maritime Research Lab., GPO Gox 4331, 
Melbourne, Victoria 3001, Australia) 

Military operators normally undertake programs to substantiate 
the fatigue lives of life-limited components in their major helicopter 
fleets. during recent visits to military helicopter representatives in 
the USA and the UK, the author discussed the motivation and the 
technical approach adopted by these operators for helicopter com- 
ponent life substantiation. Issues and programs of particular rel- 
evance to the Australian Defense Force are examined in this 
document. Author 

Defence Science and Technology Organisation, 

(DSTO-TR-0062; AR-008-924) Copyright Avail: Issuing Activity 

N95-242951t Federal Aviation Administration, Cambridge, MA. 
ESTIMATE OF PROBABILITY OF CRACK DETECTION 
FROM SERVICE DIFFICULTY REPORT DATA Final Report, 

J. C. BREWER Sep. 1994 53 p Sponsored by Federal Aviation 
Administration Technical Center, Atlantic City, NJ 
(Contract(s)/Grant(s): DOT-FA4HUA4044) 
(PB95-149381; DOT-VNTSC-FAA-94-4; DOT/FAAICT-94/90) Avail: 
CAS1 HC AOUMF A01 

The initiation and growth of cracks in a fuselage lap joint were 
simulated. Stochastic distributions of crack initiation and rivet inter- 
ference were included. The simulation also contained a simplified 
crack link-up criterion and the effect of rivet interference on crack 
growth. Nominal crack growth behavior of large cracks was derived 
from the simulation results. These calculations implied that large 
cracks spend most of their lives as multiple small cracks and that the 
final growth and coalescence occur rapidly. The nominal crack 
growth histories were applied to 'C-check' crack detection data from 
the Service Difficulty Report (SDR) database to estimate the sizes 
of cracks when they were missed during previous inspections. 
These nondetection events were also estimated by assuming that 
each detected crack had always been a single crack. The results of 
each method were appropriately filtered and used to estimate 
probability of crack detection (POD) using the maximum likelihood 
technique. The POD estimates obtained from the single crack model 
are probably conservative, but the underlying assumption of slow 
crack growth (and therefore more inspection opportunities) might 
result in unconservative damage tolerance analyses. NTlS 

Oct. 1992-1 993 

N95-24465' 
Washington, DC. 
AERONAUTICAL ENGINEERING: A CONTINUING 
BIBLIOGRAPHY WITH INDEXES (SUPPLEMENT 316) 
Apr. 1995 146p 

This bibliography lists 413 reports, articles. and other docu- 
ments introduced into the NASA scientific and technical information 
system in April 1995. Subject coverage includes: aeronautics; 
mathematical and computer sciences; chemistry and material sci- 

National Aeronautics and Space Administration, 

(NASA-SP-7037(316); NAS 1.21 :7037(316)) Avail: CASi HC A07 

ences; geosciences; design, construction and testing of aircraft and 
aircraft engines; aircraft components, equipment, and systems; 
ground support systems; and theoretical and applied aspects Of 

Author aerodynamics and general fluid dynamics. 

N95-25401 Sandia National Labs., Albuquerque. NM. Aging Air- 
craft NDI Validation Center. 
EMERGING NONDESTRUCTIVE INSPECTION FOR AGING 
AIRCRAFT Final Report 
ALLAN BEATTIE, LUTZ DAHLKE, JOHN GIESKE. BRUCE 
HANSCHE, GARY PHIPPS, DENNIS ROACH, RICH SHAGAM, 
and KYLE THOMPSON Oct. 1994 167 p See also N92-33480 
Limited Reproducibility: More than 20% of this document may be 
affected by microfiche quality 
(Contract(s)/Grant(s): DTFA03-91 -A-0001 8) 
(PB95-143053; DOTIFAAICT-9U1 1) Avail: CAS1 HC A08 

The report identifies and describes emerging nondestructive 
inspection (NDI) methods that can potentially be used to inspect 
commercial transport and commuter aircraft for structural damage. 
The nine categories of emerging NDI techniques are acoustic 
emission, x-ray computed tomography, backscatter radiation, re- 
verse geometry x-ray, advanced electromagnetics (including mag- 
neto-optic imaging and advanced eddy current techniques), coherent 
optics, advanced ultrasonics, and advanced visual and infrared 
thermography. NTlS 

N95-25607 Science Applications International Corp.. Dayton, OH. 
VISUAL CONTRAST DETECTION THRESHOLDS FOR 
AIRCRAFT CONTRAILS Interim Report, Dec. 1993 - Jul. 
1994 
JEFFREY A. DOYAL, DAVID P. RAMER. MICHAEL D. STRATTON, 
and BRADLEY D. PURVIS Jul. 1994 55 p Limited Reproducibility: 
More than 20% of this document may be affected by microfiche 
quality 
(Contract(s)/Grant(s): F33615-92-0-2293) 
(AD-A288618; AL-TR-1994-0116) Avail: Issuing Activity (Defense 
Technical Information Center (DTIC)) 

Twenty licensed pilots participated in a laboratory investigation 
of visual detection thresholds for simulated aircraft contrails. Sub- 
jects searched a projection screen for simulated contrails while 
maintaining a prescribed flight profile on a simple flight simulator. 
Simulated contrails varied in width from 5 arc min of visual angle to 
25 arc min, and varied in length from 2 deg to 10 deg. Subjects 
perfonned the detection task in an uncued condition, in which they 
searched an area measuring 135 deg x 37 deg; and In a cued 
condition, in which they searched an area measuring 45 deg x 37 
deg. Detection thresholds decreased with increasing widths and 
length, however, thresholds were found to be higher than those 
demonstrated in previous studies. This difference is attributed to the 
use of a large visual search area and a secondary task. Cued 
detection, as described above, led to slightly lower detection thresh- 
olds. Psychometric functions were drawn that allow the reader to 
extrapolate the probability of detection associated with contrails of 
a given size and contrast. DTIC 

N95-25798' 
Washington, DC. 
AERONAUTICAL ENGINEERING: A CONTINUING 
BIBLIOGRAPHY WITH INDEXES (SUPPLEMENT 317) 
May1995 89p 

This bibliography lists 224 reports. articles, and other docu- 
ments introduced into the NASA scieMc and technical information 
system in M y  1995. Subject coverage includes: design, construe- 
Con and testing of aircraft and aircraft engines; aircraft components, 
equipment, and systems; ground support Systems; and theoretical 
and applied aspects of aerodynamics and general fluid dynamics. 

Author 

National Aeronautics and Space Administration, 

(NASA-SP-7037(317); NAS 1.21 :7037(317)) Avail: CAS1 HC A05 
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AERODYNAMICS 02 

02 
AERODYNAMICS 

Includes aerodynamics of bodies, combinations. wings, rotors, and 
control sutfaces; and intemal flow in ducts and turbamachinery. 

A%-792& 
HYPERSONIC MODEL TESTING IN A SHOCK TUNNEL 
ti. OLlVlER Shock Wave Lab, ti. GRONIG, and A. LEBOZEC AIM 
Joumal(lSSNOOO1-1452) vd.33,nO.2Feb1I~Wy1995 p.262-265 
refs 
(BlN-95-EIXs5222ss0789) (~PYIQM 

A shack tunnel is used to perform test at hypersonic tlow 

distributionsaremeaarrederwndtypical~camgursfions. 
Fr0mthesedatac(subp)valuesandS~nunbe~af8deduced. 
For constant Mach and Reynolds numberthe experimental results 
achieved indicate a strong inffuence OftheWtemperabrreonthe 
Stanton number distribution. For the results presented this behavior 
is mainiybased onmtmpykyerandviscous interactioneffects. A 
correlation hrnction which taltes illto account these effects #UT%- 
latestheStantonnumbersachievedfordifferentflowconditionsand 
in different wind tunnels fairly well. Author (El) 

c o n d i i n d n l i  weak real gas effects. Pressureand heatRux 

A45-79246 
PREDICTION OF SUPERSONIC INLET UNSTART CAUSED 
BY FREESTREAM DISTURBANCES 
DAVID W. MAYER Boeing Commerdal Airplan, 0 9 ,  seatlle, 
WA. United States and GERALD C. PAYNTER AIM Jwmal (I= 
oool-1452) vol.33,no.2 Febnrary1995 p.266-275 refs 
(BTN-SSElXS5-m) 

The objecwe is torspatprogresstowardthedevekpmentof 
an Euler analysis p m c e d u m b r p e d i  the rrnstart tolerance of 
supersonic inlets. As an aid to cpderstanding boundary condibbn 
issues, a onedimensional. Iirtear-anaIysiS procedure was de& 
opedandusedtoanalyzebrlet~rtbehavior.Usingtheseresufts 
as a guide, an Euler analysrs procedure was extended thmugh the 
a d d i i  of a new bleed baudary Hi. a new canpressorface 
boundary condition, and an engine demand model torthesinudaticm 
of unsteady inlet flows caused by freestream flow disturbances . Five 
unstart conditions wem identified with the Euler analysis ofthe 
axisymmetric inletfor both* and gwegthroat Meed conhgura- 
tions. Results showthattmth imeeses and decreases in tempera- 
ture or velocity will -the inlet, ~ ~ y ~ d e c m ~ 6 ~  
will unstart the inlet. It was also found that go-deg ttvoat Meed 
improves the unstart tolemce relative to 2Odeg ttvoat Meed for 
t reestreamPreSSU~deaeeses,tenpe~~inaeasea,and~ 
in velocity. Authar (El) 

AS79247 
SlMILARrrY RULE FOR JET-TEMPERANRE EFFECTS ON 
TRANSONIC BASE PRESSURE 
KEISUKE ASAl Nan Aerospece Lab, Tokyo. Japan A I M  Joumal 
(ISSN 0001-1452) VOI. 33. tx). 2 F e b m  1995 p- 276-281 refs 
(BTN-95-EIXsSms50791) Cop* 

0nthebasisofthesimilarityndeforjetinteractim.aahotietcan 
be simulated in a cryogenic wind tunnel with atest gas at ambient 
or moderately elevated temperatures. By using this approach. jet- 
temrature effects on the base pressure o f a c y l i  afterbody 
model at transauc ' speeds have &n investigdd in the 0.1-m 

cryogenic wind tuvrel at the Natiaral Ilbnwpa#, - 
tory. Mixttms of nitrogen and either methme. argon, at 
varyingtemperetueswereusedasajatgaslom . -  
- o f j e t ~ . s p e c i f i c w r a b b . ~ ~ -  It 
h a s b e e n ~ t h a t d a t a o b t a i n e d ~ ~ j e t c a d i t k n s c e n k ,  
conelated very w&l WHh two similarity parameters: the plume 
mardmum diameter for the plume shape effect and the jet to 
freestream mass flux ratio for the jet entrainment-. To verify this 

simihrityrule,thesamemodet wastestedinanambientwindtunml. 
It was found that an ambient temperature gas having low molecular 
weight could simulate the jet temperature effects on the tnvlsonic 
base pressure. - (El) 

AS79248 
EXPERIMENTAL STUDY OF FLOW SEPARATION ON AN 
OSClLLATlNG FLAP AT MACH 2.4 
MICHAEL D. COON Univ of California. Berkeley, CA. United States 
end GARY T. CHAPMAN A I M  J w ~  (ISSN OOO1-1452) vol. 33. 
m.2 Feb-1995 p.262-288 refs 
( B T N - S S E I X S )  Copyriem 

Measurementsofursteedywanpreswreshavebeenmadein 
the turbulent boundary layer just upstream ofthe hinge line of an 
oscillating Rap. The Rap, which cteates a highly threedimensional 
compression comer fbwtield. was oscillated in Nly attached. ems- 
ing incipient separation, anduly separapedflow regmesavera 
range offrequendes. It was fwnd thet a srrbsburbal . lagofthe 
pressure on the flap was produced when oscillating across the point 
of incipient separation. This occurred at much kwer reduced fm- 
quench than forthe case of dynamicstall man airfoil in transonic 
Row. The dynamic hysteresis was much less in fhe Mlyseparated 
case and negligible in the fully attached case. Author (El) 

A95do030 
UNSTEADY LIFT ON A SWEPT B W E  TIP 
N.PEAKEUnivofChMMdgs,Cambndge . ,unitedlcacgdanJoumal 
of Fluid m a  (ISSN 0022-1120) vd. 271 July25 1994 p. 
87-101 refs 
(BTN-W-EIX95011441154) Copyrism 

Thepaperpresentsastudyontheunsteadyliftonaswept 
Madelip. The solubion ofa model proMem up tothe understandii 
and prediction of noise generation by the intaraction between 
incident vortical dishrrbances and swept blades is also evaluated. 
The sohrtion is completedwith the use ofa Wtener-Hopf technique 
wherein the usual factorization is carried out with respect to two 
independent variables separately and dosed form expressions for 
mlii per unit span am derivedporboth subsodc and supersonic 
regimes. El 

N9S2421W c e m b m  Univ.. C a m b m  (England). Oept of 
Engineering. 
THREE-DIMENSIONAL INTERACTION OF WAKE/ 
BOUNDARY-LAYER AND VORTEXIBOUNDARY-LAYER 
DATA REPORT 
C. P. YEUNG and L. C. SQUIRE 1993 141 p Sponsored by 

(ISSN 03097293) 
CroucherFoundatm . o f ~ g K 0 n g  

(CUED/A-AEREWrrr-23) Aveil: CAS1 HC A07MF A02 
lnanattenpttosbdythethreedimensioneli~ofwake 

a n d b o u r d a r y - l a y e r m 4 t ~ o c a t r s o n t h e ~ ~ d  
a h i m  multi-element aerotoil, an experimental test case has been 
establ i i ,  which has a realistic slatlwing fkw ConfiguraBOn . under 
infinitesweptwingconditions.ThisemabkstheeffectofthecrossAaw 
induced by the wing sweep on the slat wake andthe wing bolmdary- 
hyer interaction process to be iwest&ted. The measurements of 
themeanveiocityand Reyndds~cMponentsarecaniedout 
by an orthogwral triple hot-wire system developed by the authors. As 
well as the wakehundary-layer interaction experiment. a three- 
dimensional boundary-layer experiment without the slat has also 
been conducted. As an extension of the pmject, the threedimen- 
sionalvorts~-iayKlrlboundary-layermwhichalsocarmaJyoc- 
curs an a high-lii aecofdl has been studied. The e 

entialfy-deftected slab whichinteractwith anotbrwimhro-dherr 
sionel boundary-layer developad on the wing surface ut de^ a 
nominal zero pressure gradient. The mean andturbuhthwfieh 
are measured by the seme triple hot-wire system. This report 
essentialty~theexperhentalconfiguralionsofthes%three 

. 
rnxllrslthetrailing-genend.db=- 
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experiments and documents the triple-wire measurements of the 
mean and turbulent flowfields of the respective flow. Author 

N95-24217.W Rockwell International Corp., Huntsville, AL. Space 
Systems Div. 

DENSE SUBSONIC FLUIDS 
BAW-LIN LIU and J. M. OFARRELL Washington NASA Mar. 1995 
216 p 
(Contract(s)/Grant(s): NAS8-38187) 
(NASA-CR-4652; M-773; NAS 1.26:4652) Avail: CAS1 HC A1 O/MF 
A03 

Prediction of the detailed dynamic behavior in rocket propellant 
feed systems and engines and other such high-energy fluid systems 
requires precise analysis to assure structural performance. Designs 
sometimes require placement of bluff bodies in a flow passage. 
Additionally, there are flexibilities in ducts, liners, and piping sys- 
tems. A design handbook and interactive data base have been 
developed for assessing flow/structural interactions to be used as a 
tool in design and development, to evaluate applicable geometries 
before problems develop, or to eliminate or minimize problems with 
existing hardware. This is a compilation of analytical/empirical data 
and techniques to evaluate detailed dynamic characteristics of both 
the fluid and structures. These techniques have direct applicability 
to rocket engine internal flow passages, hot gas drive systems, and 
vehicle propellant feed systems. Organization of the handbook is by 
basic geometries for estimating Strouhal numbers, added mass 
effects, mode shapes for various end constraints, critical onset flow 
conditions, and possible structural response amplitudes. Emphasis 
is on dense fluids and high structural loading potential for fatigue at 
low subsonic flow speeds where high-frequency excitations are 
possible. Avoidance and corrective measure illustrations are pre- 
sented together with analytical curve fits for predictions compiled 
from a comprehensive data base. Author 

N95-24308t Sandia National Labs., Albuquerque, NM. 
VERIFICATION OF COMPUTATIONAL AERODYNAMIC 
PREDICTIONS FOR COMPLEX HYPERSONIC VEHICLES 
USING THE INCAVRADEMARK) CODE 
J. L. PAYNE and M. A. WALKER 1995 11 p Presented at the 33rd 
AlAA Aerospace Sciences Meeting, Reno, NV, 9-12 Jan. 1995 
(Contract(s)/Grant(s): DE-AC04-94AL-85000) 
(DE95-004757; SAND-94-31 9OC; CONF-950130-3) Avail: CAS1 
HC A03/MF A01 

This paper describes a process of combining two state-of-the- 
art CFD tools. SPRINT and INCA, in a manner which extends the 
utility of both codes beyond what is possible from either code alone. 
The speed and efficiency of the PNS code, SPRING, has been 
combined with the capability of a Navier-Stokes code to model fully 
elliptic, viscous separated regions on high performance, high speed 
flight systems. The coupled SPRlNThNCA capability is applicable 
for design and evaluation of high speed flight vehicles in the 
supersonic to hypersonic speed regimes. This paper describes the 
codes involved, the interface process and a few selected test cases 
which illustrate the SPRINTIINCA coupling process. Results have 
shown that the combination of SPRINT and INCA produces correct 
results and can lead to improved computational analyses for com- 

N95-24379'11 Overset Methods, Inc., Los Altos, CA. 
AERODYNAMIC OPTIMIZATION STUDIES ON ADVANCED 
ARCHITECTURE COMPUTERS Final Report 
KALPANA CHAWLA 28 Feb. 1995 31 p Origlnal contains cdor 
Illustrations 
(Contract(s)/Grant(s): NCC2-806) 
(NASA-CR-198045; NAS 1.26:198045; OMI-02-93) Avail: CAS1 HC 
AOYMF A01; 2 functional color pages 

The approach to carrying out multi-discipline aerospace design 
studies in the future, especially in massively parallel computing 
environments, comprises of choosing (1) suitable solvers to com- 
pute solutions to equations characterizing a discipline, and (2) 

HIGH FREQUENCY FLOW-STRUCTURAL INTERACTION IN 

plex, three-dimensional problems. DOE 

efficient optimization methods. In addition, for aerodynamic Optimi- 
zation problems, (3) smart methodologies must be Selected t0 
modify the surface shape. In this research effort, a 'direct' Optimiza- 
tion method is implemented on the Cray C-90 to improve aerody- 
namic design. It is coupled with an existing implicit Navier-Stokes 
solver, OVERFLOW, to compute flow solutions. The OPtimiZa- 
tion method is chosen such that it can accomodate multi-discipline 
optimization in future computations. In the work, however, only 
single discipline aerodynamic optimization will be included. 

Author 

National Aeronautics and Space Administration. N95-24397'W 
Langley Research Center, Hampton, VA. 
PERFORMANCE OF AN AERODYNAMIC YAW 
CONTROLLER MOUNTED ON THE SPACE SHUTTLE 
ORBITER BODY FLAP AT MACH 10 
W. I. SCALLION Feb. 1995 28 p 
(Contract(s)/Grant(s): RTOP 242-80-01 -01 ) 
(NASA-TM-109179; NAS 1.15:109179) Avail: CAS1 HC A031MF 
A01 

A wind-tunnel investigation of the effectiveness of an aerody- 
namic yaw controller mounted on the lower surface of a shuttle 
orbiter model body flap was conducted in the Langley 31-Inch Mach 
10 Tunnel. The controller consisted of a 60 deg delta fin mounted 
perpendicular to the body flap lower surface and yawed 30 deg to the 
free stream direction. The control was tested at angles of attack from 
20 deg to 40 deg at zero sideslip for a Reynolds number based on 
wing mean aerodynamic chord of 0.66 x lO(exp 6). The aerodynamic 
and control effectiveness characteristics are presented along with 
an analysis of the effectiveness of the controller in making a bank 
maneuver for Mach 18 flight conditions. The controller was effective 
in yaw and produced a favorable rolling moment. The analysis 
showed that the controller was as effective as the reaction control 
system in making the bank maneuver. These results warrant further 
studies of the aerodynamidaerothermodynamic characteristics of 
the control concept for application to future transportation vehicles. 

Author 

N95-2-V Bihrle Applied Research, Inc.. Hampton, VA. 
EXPERIMENTAL STUDY OF THE EFFECTS OF REYNOLDS 
NUMBER ON HIGH ANGLE OF ATTACK AERODYNAMIC 
CHARACTERISTICS OF FOREBODIES DURING ROTARY 
MOTION Final Report 
H. PAULEY, J. RALSTON. and E. DICKES Jan. 1995 97 p Original 
contains color illustrations 
(Contract(s)/Grant(s): NASl-20228; RTOP 505-68-30-01) 

HC A05/MF A02; 32 functional color pages 
The National Aeronautics and Space Administration and the 

Defense Research Agency (United Kingdom) have ongoing experi- 
mental research programs in rotary-flow aerodynamics. A coopera- 
tive effort between the two agencies is currently underway to collect 
an extensive database for the development of high angle of attack 
computational methods to predict the effects of Reynolds number on 
the forebody flowfield at dynamic conditions, as well as to study the 
use of low Reynolds number data for the evaluation of high Reynolds 
number characteristics. Rotary balance experiments, including force 
and moment and surface pressure measurements, were conducted 
on circular and rectangular aftbodies with hemispherical and ogive 
noses at the Bedford and Famborwgh wind tunnel facilities in the 
United Kingdom. The bodies were tested at 60 and 90 deg angle of 
attack for a wide range of Reynolds numbers in order to observe the 
effects of laminar, transitional, and turbulent flow separation on the 
forebody characteristics when rolling about the velocity vector. 

Author 

N95-24566.1 Army Aviation Systems Command, Hampton. VA. 
EXPLORATORY FLOW VISUALIZATION INVESTIGATION 

TERENCE A. GHEE (Analytical Services and Materials, Inc., Hamp- 
ton, VA.) and HENRY L. KELLEY Mar. 1995 36 p 

(NASA-CR-195033; REPT-94-4; NAS 1.26~195033) Avail: CAS1 

OF MAST-MOUNTED SIGHTS IN PRESENCE OF A ROTOR 
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(contract(S)/Grant(~): RTOP 505-59-3641; RTOP 282-1041-01) 
(NASA-TM-4634; L-17409; NAS 1.15:4634; ATCOM-TR-95A-001) 
Avail: CAS1 HC A M F  A01 

Aflowvisualizationmv~igationwithalaserligtltsheetsystem 
was conducted on a 27-percent-scale AH-64 attadc helicopter 
model fitted with two mast-mountedsights inthe Iangtey 14- by22- 
foot wbaoni tunnel. The investigation was clnducw to identify 
aemdymmic phenomena that m y  have auMbutd to adverse 
vibration encountered during MI-scaie flQM ofthe AH-64D apachel 
bngbow h e l i e r  with an esymnetnc . mast-mounted sight. sym- 
metricandasymmemc ' mast-maunted sights oriented at several 
skew angles were tested atsmllatd fomardandreerwerdlligM 
speedsof30and45kna6 .A~ l igMSh86tsystemWaS~to  
VisualitetheflowmplanesparalleltoandperpendiaJartothefree- 
stream flow. Analysis d theM, flow viwalization dataidmikd 
freqlmdes offlw patteflls m the wake shed from the sight, the 
streamline angle at the sight, and the localimwheretheshedwake 

served between the S i g h t c o n f i ~  and variaffskewangles. 
CroSsBd the mtor plane. Differences in wake structure were ab- 

Analysis of lateral light sheet plane data imptied signmcant vortex 
structure in the wake of theasymnetnc ' mastmwntedsightinthe 
configuration that produced tmximm in-flight vibration. The data 
showed nosigrtificant vortexstnrchne in the wake of theasymmetric 

adverse vibration. AuthM 
and symmetric configurations that produced rx) increase in i n - n i  

N95-24- Natiaral Aerospace Lab.. Tokyo (Japan). Aim 
Aerodynamics Div. 
NUMERICAL AND EXPERIMENTAL STUDY OF DRAG 
CHARACTERISTICS OF TWO-DIYENSIONAL HLFC 
AIRFOILS IN HIGH SUBSONIC, HIGH REYNOLDS NUMBER 
FLOW 
YOJl ISHIDA, MASAYOSHI NOGUCHI, MAMORU SATO. and 
HlROSHl KANDA Jut. 1994 14 p 
(ISSN 0389-4010) 
(NAL-TR-1244T) Avail: CAS1 HC A W F  A01 

Hybrid laminar flow control (HLFC) is one ofthe mostprOmisk\g 
aircraft drag reduction technoiogces ' . Hawever, very few expwimm- 
tal and theoretical studies have been reported. We have investi- 
gated both numerically and experimentally the aerodynamic 
characteristics of an HLFC airfoii and wing at high subsonic, high 
Reynolds number conditjol\s. In this paper, we rem the results of 
the wind tunnel test on drag chracteristics, with and without suction, 
of two-dimensional HLFC airfoits with porws and dot Suction 
approach under some adverse factors against lamkrar Row. and a 
numerical analysis of the wind tunnel data, which is based on the 
boundary layer cakulation with a new trarsition prediction method 
allowed for the adverse factors and the Squire-Young drag fomurla 
The HLFC models achievedtotaldrag reduction as highas20%at 
realistic RigM c o n d i i  and the numerical methods has given 
sabisfactMy p r e d i i .  kRhor 

N S 2 5 1 W  National Amuspaw Lab., Tokyo (Japan). Advanced 
Aircraft Research Group. 
LOW SPEED AERODYNAMIC CHARACTERISTICS OF 
DELTA WINGS WITH VORTEX FLAPS: 60 DEG AND 70 DEG 
DELTA WINGS 
KENlCHi RlNOlE (Tokyo Urriv.. Japan.), TOSHlMl FUJITA, AKlHlTO 
IWASAKJ, and HlROTOSHl FWIEDA Jul. 1994 15 p In JAPA- 
NESE 
(ISSN 0384.4010) 
(NAL-TR-1245) 

Low-speedwindtumeltestshavebeenmadeona~degdette 
~ m o d e l W i t h t e p e r e d ~ X ~ t O ~ t h e e f f b d s o S t h e  
swept-back on the peffomanw of m x  Aaps. fhe force, 
SlJrfeCe lwessue meBsu-. and oa now - - 
were made on aO.5 m span 70 dsgdattawing model. The resllfts 
~ ~ c o m P a ~ b s t w e e n 6 0 d e g a n d 7 0 d e g d d W ~ ~ - ~  
patterns around the vortex tkps at the optimum tifvdrag ratio Rap 
d g u r a M  of 70 deg delta wing were found to be different fran 
thogeof60degdeftawing.Th6maximumwMragra~imp~nt 

Avail: CAS1 HC A M F  A01 

for 70 deg delta wing is attained when a separated region is formed 
over the whde vortex flap surface. Author 

N95-25338'1 National Aeronautics and Space Administration. 
Langley Research Center, Hampton. VA. 
INTERNAL PERFORMANCE CHARACTERISTICS OF 

MILTONIAMB Mar.1995 227p Preparedincooperationwith 
Pratt and Whitney (the Government Engines and Space Propulsion 

THRUST-VECTORED AXlSYMMRRlC EJECTOR NOZLES 

Div.oftheUnitedT- ' 1  
(contrect(s)/Grant(s): RTOP 505-59-3044) 
(NASA-TM-4610; L-17386; NAS 1.15:4610) Avail: CAS1 HC A l l /  
MF A03 

A series Of thnrst-vectored ' ejecbrnonleswem 
designed and elrperimentallytestedforintemalperfomrance and 
pumping chamteristicsatthe Langley researchcenter. This study 
indited that discontinuities in the pwfonmm OcCuRBd a! kw 
primarynoule pressure rabjosandthat~discontinuities were 
mitigated by decreasing expamion area ratio. The a d d i i  of 
secardaryfbw- the peffomameofthe nonteS.The* 
to-high range of secondaryfiow pravided the most overall improve- 
merits. and the greatest improvements wereseenforthelargest 
ejector area ratio. Thnrst wctoring the ejector nozzles caused a 
reducbjoninperfonnanceanddischawcoeffiaent . withorwithout 
~ f low , thevec to rede jec tw~produced thn rs tvec to r  
angles that wre equivalent to or greaterthan the gmmetrktuming 
angfe. W* orwithoutsecandarynow, rrpeeing mtio (ejector pa% 
sage twnmwy) had effectonperfonnance (srossthruaratio). 
disdrerge- . o r t t w u s t v e c l D I a n g l e . F o r t h e ~  

the pressure levels on the StwnJd to prwide cooling, but forthe 
~,asmellamolntofseoonderyRowwassuffidenttoreduce 

vectored ejector nozzles. a larger amomt of EBcondery air was 
reguiredtoreducethepressurelevetstoprovidecodi. Author 

N95-2564W Defence ResearchAgency, Famborwgh, Hampshire 

A THEORETICAL AND EXPERIMENTAL INVESTIGATION OF 
THE FLOW OVER SUPERSONIC LEADING EDGE WING/ 
BODY CONRGURATIONS 
J. L. FULKER (Defence Research Agency, Bedford. England.), P. R. 
ASHILL, and A. SHIRES Aug. 1993 42 p at the 1993 
European Forum on Recent Developments and Applications in 
Aeronautical CFD. M, England. 1-3 Sep. 1993 sparsored by 
Ministry of Defence Original contains color illustrations 
(DRA-TM-AERO-PROP-41; DRAIAPM341/1 .O) CopyrigMAVea: 
CAS1 HC AO3/MF A01 

A theoretical and expwimmw study is described . ,ofthefkw 
averwing-bodyconfigumtionswithasupemnkcmponmtofb 
stream normal to the leading edge, Le. with a supersonic leading 
edge.--- . havebeenpwfwmedusinga 
c o d e f o r ~ g E u l e r ' s ~ f o r a u n p l e x ~  . k n o w n  
as SAUNA. An awmsmmt is made of the prsdiclkns ofthis 
method. by cOmparjSOn with the euperimental results. 
reductiorrsinlocai~dragbytheugeofnoQe#tntingareboth 
predictedandmeawredoverawbstanW . portionofthewingspan. 
Hawever, it is eko shown that nose Hunting results in a marked 
increaseinkcaldmginIheregionofthewinglbodyjunction.Inthis 
region thefknu iscomplex, the bow shock having kw local 
andhigh~.HiSShawnhowtheCFDmethodCf?Ulberrsedboth 
to identify thii problem and to effect a redesign of the winslbody 
junction, forthe bluntnose configmtian. with the aim of realidng 
the benefits of nose Munting. sgnihnt drag reducborrs . areob- 
t a h d r e w v e t o l h e ~ ~  . ,indwinghowed- 
VanwdcodescanprovideasoMiontoproMemsofthiskindwithwt 
resort to further eqmsive wind-tunnel tests. Allnux 

N95-257611 Natknal- Lab.. Tokyo (Japan). Aircraft 
AerodynamKs . Div. 
MEASUREMENTS OF LONGITUDINAL STATIC 
AERODYNAMIC COEFFICIENTS BY THE CABLE MOUNT 
SYSTEM 

(England). 
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KATSUlCHl MUROTAand MASAAKI YANAGIHARA Feb. 1994 22 
p InJAPANESE 

(NAL-TR-1226) Avail: CAS1 HC A03/MF A01 
The longitudinal static aerodynamic coefficients of an NAL 

spaceplane model were measured in the NAL 6.5 m x 5.5 m low- 
speed wind tunnel. The model wassupported by a pair of cables, one 
spanned horizontally and the other vertically (cable mount system). 
The aerodynamic interference of the cable mount system is gener- 
ally smaller than that of conventional model support systems such 
as the strut and sting system. This paper outlines the cable mount 
system, the cable mounted system, the method used to measure the 
trimmed longitudinal aerodynamic coefficients and the test results. 

Author 

(ISSN 0389-401 0) 

N95-25762# National Aerospace Lab., Tokyo (Japan). Airframe 
Div. 
FUNDAMENTAL WIND TUNNEL EXPERIMENTS ON LOW- 
SPEED FLUlTER OF A TIP-FIN CONFIGURATION WING 
TETSUHIKO UEDA, TOKUO SOTOZAKI. and KAZUO IWASAKI 
Mar. 1994 23 p In JAPANESE 

(NAL-TR-1228) Avail: CAS1 HC A03/MF A01 
Wind tunnel tests were conducted to investigate the funda- 

mental flutter characteristics of a tip-fin configuration wing. Two 
types of models were tested to provide experimental data for the 
flutter analysis of non-coplanar wings. One is a normally plain wing 
and the other has a cant angle of 15 deg at the tip-fin. They were 
tested in the 2m x 2m low-speed wind tunnel. On the tip-fin wing, 
mild flutter with limited amplitudes was observed in a certain range 
of speeds well below the typical violent flutter speed. It was caused 
by the coupling between wing torsion and the deflection of the 
rotationally free rudder with mass balance. The effects of mass 
balance of the rudder located at the tip-fin were also studied to 
confirm its role in flutter prevention. Modal tests on the models 
were performed automatically using the Dynamic Displacement 
Measurement System. Author 

N95-25962.t National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, OH. 
RECENT IMPROVEMENTS TO AND VALIDATION OF THE 
ONE DIMENSIONAL NASA WAVE ROTOR MODEL 
DANIEL E. PAXSON and JACK WILSON (NYMA, Inc., Cleveland, 
OH.) May 1995 20 p 
(Contract(s)/Grant(s): NAS3-25266; RTOP 505-62-50) 
(NASA-TM-106913; E-9621; NAS 1.15:106913) Avail: CAS1 HC 
A03/MF A01 

A numerical model has been developed at the NASA Lewis 
Research Center which can predict both the unsteady flow quanti- 
ties within a wave rotor passage and the steady averaged flows in 
the ports. The model is based on the assumptions of one-dimen- 
sional, unsteady, perfect gas flow. The model assesses not only the 
dominant wave behavior, but the loss effects of finite passage 
opening time, leakage from the passage ends, viscosity, and heat 
transfer to and from the passages. The model operates in the rotor 
reference frame; however, until recently no account was made for 
the often significant effect of the rotor circumferential velocity 
component. The present model accounts for this by modifying the 
passage boundary conditions, allowing the internal computational 
scheme to remain the rotor reference frame, while quantities such as 
inlet duct stagnation properties may be Specified in the fixed or 
absolute reference frame. Accurate modeling of this effect is critical 
to successful wave rotor analysis and design, particularly in off- 
design predictions where the flows in the inlet ducts are mismatched 
with the rotor passages and significant tuming may take place (i.e., 
work is done on the gas). The relative simplicity of the model makes 
it useful for design and optimization, as well as analysis, of wave 
rotor cycles for many applications. This report, building on several 
earlier papers, descrlbesthe most recent modifications to the model. 
These include accounting for the relative/absolute transition at the 
passage boundaries and refinements to the viscous soume term 

(ISSN 0389-4010) 

correlation which resulted from this accounting. Comparison Of 
model predictions with measured data is then presented and 
discussed. Author 

N95-26075'# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, OH. 
A COMBINED GEOMETRIC APPROACH FOR SOLVING THE 
NAVIER-STOKES EQUATIONS ON DYNAMIC GRIDS 
JOHN W. SLATER May 1995 9 p Presented at the COnfermCe 
on Numerical Methods for Fluid Dynamics, Oxford, England, United 
Kingdom, 3-6 Apr. 1995; sponsored by the University of Oxford and 
Reading 
(Contract(s)/Grant(s): RTOP 505-62-52) 
(NASA-TM-106919; E-9630; NAS 1.15:106919) Avail: CAS1 HC 
A02/MF A01 

A combined geometric approach for solving the Navier-Stokes 
equations is presented for the analysis of planar, unsteady flow 
about mechanisms with components in moderate relative motion. 
The approach emphasizes the relationships between the geometry 
model, grid, and flow model for the benefit of the total dynamics 
problem. One application is the analysis of the restart operation of 
a variable-geometry, high-speed inlet. Author 

N95-26302Y National Aeronautics and Space Administration. 
Ames Research Center, Moffett Field, CA. 

FAN AIRCRAFT 
LOURDES G. BIRCKELBAW, WALTER E. MCNEIL, and DOU- 
GLAS A. WARDWELL Apr. 1995 63 p 
(Contract(s)/Grant(s): RTOP 505-68-32) 
(NASA-TM-110347; A-950051; NAS 1.15:110347) Avail: CAS1 HC 
AWMF A01 

This report describes the aerodynamics model used in a 
simulation model of an advanced short takeoff and vertical landing 
(ASTOVL) lift-fan fighter aircraft. The simulation model was devel- 
oped for use in piloted evaluations of transition and hover flight 
regimes, so that only low speed (M approximately 0.2) aerodynam- 
ics are included in the mathematical model. The aerodynamic model 
includes the power4  aerodynamic forces and moments and the 
propulsion system induced aerodynamic effects, including ground 
effects. The power-off aerodynamics data were generated using the 
U.S. Air Force Stability and Control Digital DATCOM program and a 
NASA Ames in-house graphics program called VORVIEW which 
allows the user to easily analyze arbitrary conceptual aircraft con- 
figurations using the VORLAX program. The jet-induced data were 
generated using the prediction methods of R. E. Kuhn et el., as 
referenced in this report. Author 

AERODYNAMICS MODEL FOR A GENERIC ASTOVL LIFT- 

03 
AIR TRANSPORTATION AND SAFETY 

Includes passenger and cargo air transport operations; and aircraft 
accidents. 

AS78583 

WIND SHEAR AVOIDANCE 
D. ALEXANDER STRATTON Parker Hannifin Corp, Smithtown, 
NY. United States and ROBERTS STENGEL IEEE Transactions 
on Aerospace and Electronic Systems (ISSN 0018-9251) vol. 31, 
no. 1 January 1995 p. 117-124 refs 

Modem estimation theory and aftificial intelligence technology 
are applied to the Wind Shear Safety Advisor. a conceptual airborne 
advisory system to help flight crews avoid or sunrive encounter with 
hazardous low-altiide wind shear. Numerical and symbolic pro- 
cesses of the system fuse diverse, time-varying data from ground- 
based and airborne measurements. Simulated wind-shear-encounter 
scenarios illustrate the need to consider a variety of factors for 

REAL-TIME DECISION AIDING: AIRCRAFT GUIDANCE FOR 

(BTN-95-EIX95202637575) Copyright 
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optimal deciion reliability. The wind-shear*ncounter simulations 
show the potential of t ie  Wind Shear Safety Advisor for effectively 
integrating the available information, highlighting the benefits of the 
computational techniques employed. - (El) 

N95-2- NatbnalT- . safety Board, Washington. 
Dc. 
AIRCRAFT ACCIDENT REPORT: IMPACT WrrH BLAST 
FENCE UPON LANDING ROLLOUT ACTION AIR CHARTERS 
FLIGHT 990 PIPER PA-31450. N9WRA, STRATFORD. 
CONNECTICUT, 27 APRIL 1994 
1994 75p 
(PB94-910410; NTSB/AAR-94/W) Avail: CAS1 HC A W F  A01 

On April 28,1994. about2256sastern dayligtrttime. Action Air 
mrs flight 990, a Piper PA-31-350 Navajo Chieftein. NQQORA. 
crashed into a blast fence at the depatane end of funway 6 after 

flight originated in Atlantic City, New Jersey, and opefated on a 
visual flight rules fliiht plan. The akptane was operating under T i e  
14 Code of Federal Regulations Part 135 as a single pilot. on- 
demand air canier flight. FoHowing handling touchdorm and during 
rollout, the airplane c a l l i  with a Mest dedktor fence at the 
departure end of runway 6. The airplane was desboyed by impact 
f o r c e s a n d p o s t c r a s h f i r e . E i g h t a t t h e n i n e ~ ~ f a t a i  
injuries. One passenger was seriously injured. The Natiaral Trans- 
portation safety Board determines that the pbatMt3 CBUSBS of this 
accident were the failure ofthe captain to use theavaileMe instfu- 
mnt landing system ( I S )  glideskpe, his kjkrre to execute a go- 
arwndwhenthecondieons . werenotsuitableforlanding,andhis 
failure to land the airp&meon the nmwayata pointsumcienttoaHow 
for a safe stopping distanoe; the fataIi i were caused by the 
presenceofthenonhrang#e . bkstfenceandtheabsenceofasafety 
area at the end of the w y .  Safety issues in this report foased 
on the instrument landing system, runway sadetyareas. and runway 
lighting systems. Safety feconmendatioIls these issues 
were made to the Federal Avietion Ministration. the COMlectiaft 
Department of Transportatian, the C i  of Bridgeport, and the Town 
of Stratfonl. comecbc . ut.Also,asaresultoftheinvastigationofWs 
accident, on May 11,1994, the Safety Board issued Urgent Action 
Safety Recommendations A-94-111 and A-94-112 to the Federal 

by Harrington Industries. Inc. Author 

N95-2- C i l  Aeraedical Inst. Oklahoma City, OK. 
DEVELOPMENT OF AN INTERVENTION PROGRAY TO 
ENCOURAGE SHOULDER HARNESS USE AND AIRCRAFT 
RETROFIT IN GENERAL AVlATlON AIRCRATT, PHASES 1 
AND 2 
JAMES F. PARKER, JR. (BioTechnology, lnc., Falls Church. Vk), 
WIUIAM T. SHEPARD (Federal Aviation Administrabjon, Washing- 
ton. Dc.), WALTER J. GUNN (Atlington Assodates, Daytomeeach. 
R.), and DIANE G. CHWSTENSEN (BioTt3chhgy. Inc., Falls 
church, VA.) Jan. 1995 63p 
(DOTIFAAIAM95I2) Avail: CASl HC A W F  A01 

This report describes a sbldy of shoulder hamess instaHation 
and use rates in general aviation aircraft. observatia\s were made 
at six geogrephicauy separate areas to determine estimates of 
current installation and use rates. An expert panel was employed to 
identify importent factonthat affect insmkbon . anduseofshoulder 
hamess in general aviation aircraft. Analyses are presented to 
exP&tinreasMIsforshoulderhamessi~ . anduseram.An 
educational program is proposedto influence pilotsto install andlor 
~shoulderhammsesintheirgeneralaviatbnairaaft Author 

N%-24391'# C l e m  w., sc. Radar systems Lab. 
CHARACTERIZING THE WAKE VORTEX SONATURE FOR 
AN ACTIVE LINE OF SIGHT REMOTE SENSOR M.S. T h i s  
T.ehni-1 Report No. 19 
ROBERT MlL'TON HElL 5 Aug. 1994 EO p 
(-(s)/Grant(s): NGT-50975) 

landing at Sikorsky Memorial Airport. Smtford. camecbcut * T h e  

Aviation Administration concerning aimaft performed 

(NASA-CR-197697; NAS 1.26:197697; TR-0805964871F) Avail: 

CAS1 HC AOYMF A01 
A recurring phenomenon, described as a wake vort%x. devel- 

ops as an aircraft approaches the runway to W. As the aim 
moves along the runway, each of the wing tips generam a spiraling 
and expanding cone of air. During the lifetime of this turbulent event, 
conditions exist overthe runway which can be -to folkw- 
ing aircraft, partiwhrly when a small aircraft is following a large 
aircraft. Left to themselves. these twin vortex patterns will converge 
toward each other near the center of the runway, hmdeSly 
dissipating thrwgh interaction with each other or by contact with the 
ground. Unfortunately. the time necessary to disperse the vortex is 

,and at busy airports can swerely knpact 
methodsofavoidance am 

OftennatprediCtaMe 
terminal area producbvrty. Rudknentary 
in piace. Generally. time delays between landing aircraft are besed 
onwhatisreqrriredtopfotectamallsmatlaircraftEx&tingembientwind 
conditions can complicate the sihration. R d i  detec&m . a n d  
trackingofawakevortexhazadisamajortechnidproMemwtdch 

.LandingItinhlm can siignificantly bnpact Nnway productmty 
cwld be determined on the basis ofthe actual hazard ratherthan 
imposed on the basis of a worst case scenario. This wxk focuses 
onusingawindfieMdescription of a wake vortex togenera& iimof- 
sightDoQplervelocitytruthdataappropnate . toanarbitrarifylocated 
activesensocsuchasahighresolubion mdarorlidar.Thegoalis0 
isolaaearangeDopplersignatureofthevwtexpheromeronUmtarn 
b e u s e d t o k n p r o v e ~ . R e s u l t s ~ ~ b a s e d o n u s e  
of a simplified model of a wake vorgu Wrn However, it is 
importanttonote thatthe methodofsnalysisoeneasifybeapplied 
to any vortexmodel usedtogenerateawindWdsnepshat Results 
imrdvingseverelscanstrategiesareshormforapointsensorrvith 
a range resolution of 1 to 4 mews. Vortex sigtawes pmsentd 
appeartooffer potenWfordetection andtracihg. Author 

. .  

. .  

N95-24631# Federal Aviation Administration, Atlantic City, NJ. 
BIRD INGESTION INTO LARGE TURBOFAN ENGINES Final 
Report 
HOWARD BANILOWER and COLIN GOODALL (Pennsyhrania State 
Univ., University Park, PA.) Feb. 1995 139 p 

This final report amtainsfindings from a shdy conducted by 
the Federal Aviation Admi- (FAA) of bird ingasth into 
certain modem large high bypass tubfan engines. These engines 
were certified to cunsnt FAAstandards and are irrsta#ed m A-300. 
A-320.8747, 8757.8-767, DC-10, and MD-11 aircratt in commer- 

eventswerecdlectedforthe FAAdwing 1939-1991 bytheprhipal 
engine manufacturers. Topics addressed in the report indude 
cbtacteristics of ingested birds (nunbets. species, and weights), 
ingestion rates, airports. a i m f t  pawmeters (flight phase, aHitude. 
speed, eqineposition),andingestioneventswNchpogea~ 

. or birds, transvense frac- 
methods.the- 

threat to aim safety ( 
tureoffan b&des. 
areanafyredtodetsmme . theinRuenceoffl ightphase(~or 
anival),bitdweight, and bird nunlberr (single ormdtiple bird), both 
separat&yandin~nation, onoverallenginedmage,fanMede 
damage, core damage, and other adverse effects on flight. A 
summary ot all pertinent data from each ingestjon is included in an 
appendii. Author 

N95-24633'~ National Aeronautics and space Administram. 
Langley Research Center, Hampton, VA. 
AVIATION SYSTEM CAPACITY IMPROVEMENTS THROUGH 
TECHNOLOGY 
W.DO"ARVEY Mar.1895 82p 

(DOTffAACT-93I14) Avail: CASl HC A07/MF A02 

cial senrice worldwide. Data pertaining to 644 aircraft inge&n 

. .  
. 

(contract(syorant(s): mop sos-ss2ool) 
(NA!SA-TM-lOI)lGs; NAS 1.15:109165) 
A01 

A d :  CAS1 HC ADslMF 

A S t l J d y ~ C O N l U C W w i t h t h e p r i ~ o b i / e c t i v e o f d 0 t 0 ~  
ing the impactoftechnokgyon capedty improvements in the us. 
air transportation system and, consequently, to assess the areas 
where NASA's expertise and technical contributions would be the 
most beneficial. The outlookofthe studyisEonsidered both near- 
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and long-term (5 to 25 years). The approach was that of actively 
working with the Massachusetts Institute of Technology (MIT) Flight 
Transportation Laboratory and included interactions with ‘users’ 
outside of both agencies as well as with organizations within. This 
report includes an overall survey of what are believed to be the 
causes of the capacity problems, ongoing work with the Federal 
Aviation Administration (FAA) to alleviate the problems, and identi- 
fies improvements in technology that would increase capacity and 
reduce delays. Author 

N95-25341‘# Boeing Commercial Airplane Co.. Seattle, WA. 
CONSISTENT APPROACH TO DESCRIBING AIRCRAFT 
HlRF PROTECTION Final Report 
P. R. RIMBEY and D. 8. WALEN Mar. 1995 93 p 
(Contract( s)/G rant(s) : N AS 1 - 1 9360; RTOP 538-0 1 - 1 3-0 1 ) 
(NASA-CR-195067) Avail: CAS1 HC AO5MF A01 

The high intensity radiated fields (HIRF) certification process 
as currently implemented is comprised of an inconsistent combina- 
tion of factors that tend to emphasize worst case scenarios in 
assessing commercial airplane certification requirements. By exam- 
ining these factors which include the process definition, the external 
HlRF environment, the aircraft coupling and corresponding internal 
fields, and methods of measuring equipment susceptibilities, activi- 
ties leading to an approach to appraising airplane vulnerability to 
HlRF are proposed. This approach utilizes technically based criteria 
to evaluate the nature of the threat, including the probability of 
encountering the external HlRF environment. No single test or 
analybc method comprehensively addresses the full HlRF threat 
frequency spectrum. Additional tools such as statistical methods 
must be adopted to arrive at more realistic requirements to reflect 
commercial aircraft vulnerability to the HlRF threat. Test and ana- 
lytic data are provided to support the conclusions of this report. This 
work was performed under NASA contract NAS1-19360, Task 52. 

Author 

N95-25609 
Vicksburg, MS. 

Army Engineer Waterways Experiment Station, 

REAL-TIME TESTING AND DEMONSTRATION OF THE US 
ARMY CORPS OF ENGINEERS’ REAL-TIME ON-THE-FLY 
POSITIONING SYSTEM 
SALLY L. FRODGE, BENJAMIN W. REMONDI, DARIUSZ 
LAPUCHA, and JOHN E. CHANCE Sep. 1994 16 p Limited 
Reproducibility: More than 20% of this document may be affected by 
microfiche quality 
(AD-A288624; WESTTNIDRP-4-10) Avail: Issuing Activity (Defense 
Technical Information Center (DTIC)) 

This technical note describes the U.S. Army Corps of Engi- 
neers’ Real-Time On-the-Fly (OTF) positioning system and summa- 
rizes the results of testing and demonstrations conducted to date. 

DTIC 

N95-2576411 National Aerospace Lab., Tokyo (Japan). Advanced 
Aircraft Research Group 
REENTRY GUIDANCE FOR HYPERSONIC FLIGHT 
EXPERIMENT (HYFLEX) VEHICLE Report No. 1 
HIROKAZU SUZUKI Apr. 1994 19 p In JAPANESE 

(NAL-TR-1235) Avail: CAS1 HC A03mAF A01 
This paper describes the design of the reentry guidance for 

Hypersonic Flight Experlment vehlcle (HYFLEX), which is now 
under development at NAL and NASDA to prepare for its scheduled 
launch in 1996. First. the mission requirements of this flight experi- 
ment are described. Secondly, a reentry guidance based on the drag 
deceleration and the azimuth angle misalignment correction is 
suggested and its ability is evaluated. Consequently, the proposed 
reentry guidance is proved to have sufficient ability to satisfy the 
mission requirements. Author 

(ISSN 0389-4010) 
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Includes aircraft simulation technology. 

A95-79240 
MULTILEVEL DECOMPOSITION PROCEDURE FOR 
EFFICIENT DESIGN OPTIMIZATION OF HELICOPTER 
ROTOR BLADES 
ADIT1 CHATTOPADHYAY Arizona State Univ, Tempe, M, United 
States, THOMAS R. MCCARTHY, and NARAYANAN PAGALDIPTI 
AlAA Journal (ISSN Owl-1452) vol. 33, no. 2 February 1995 p. 
223-230 refs 

This paper addresses a multilevel decomposition procedure for 
efficient design optimization of helicopter blades, with the coupling 
of aerodynamics, blade dynamics, aeroelasticity, and structures. 
The multidisciplinary optimization problem is decomposed into three 
levels. The rotor is optimized for improved aerodynamic perfor- 
mance at the first level. At the second level, the objective is to 
improve the dynamic and aeroelastic characteristics of the rotor. A 
structural optimization is performed at the third level. Interdiscipli- 
nary coupling is established through the use of optimal sensitivity 
derivatives. The Kreisselmeier-Steinhauser function approach is 
used to formulate the optimization problem when multiple design 
objectives are involved. A nonlinear programming technique and an 
approximate analysis procedure are used for optimization. Results 
obtained show significant improvements in the rotor aerodynamic, 
dynamic, and structural characteristics, when compared with a 
reference or baseline rotor. Author (El) 

A%-79249 
DYNAMIC STALL CONTROL FOR ADVANCED 
ROTORCRAFT APPLICATION 
YUNG H. YU U.S. Army Aeroflightdynamics Directorate, Moffett 
Field, CA, United States, SOOGAB LEE, KENNTH W. MCALISTER, 
CHEETUNG, and CLlN M. WANG AlAA Journal (ISSN 0001-1452) 
vol. 33, no. 2 February 1995 p. 289-295 refs 

Advanced concepts designed to improve the lift, drag, and 
pitching moment characteristics of rotor blades have been investi- 
gated for the purpose of enhancing rotor maneuver capability. The 
advantages and disadvantages of these concepts have been evalu- 
ated using both computational and experimental means. The con- 
cepts that were considered in this study included a leading-edge 
slat, a deformable leading-edge, and upper-surface blowing. The 
results show the potential of these concepts for substantially improv- 
ing the performance of a rotor. Author (El) 

AS01097 
ROTORCRAFT HANDLING QUALITIES IN TURBULENCE 
R. A. HESS Univ of California, Davis, CA, United States Journal of 
Guidance, Control, and Dynamics (ISSN 0731-5090) vol. 18, no. 1 
January-February 1995 p. 39-45 refs 

Rotorcraft are often required to perform tasks in environments 
where atmospheric disturbances can significantly affect perfor- 
mance and vehicle handling qualities. Establishing requirements for 
rotorcraft handling qualities in turbulence is thus of prime impor- 
tance, particularly to the military. An analytical study is described 
that addresses this issue. First, a simplified approach to modeling 
the aerodynamic effects of turbulence on rotorcraft is presented. A 
structural pilot model employing a handling-qualities sensitivity 
function is next used to quantify handling qualities. Next, an hypoth- 
esis regarding the manner in which turbulence affects vehicle 
handling qualities is proposed. Finally, an example of the analybcal 
approach is presented involving the longitudinal hover task of an AH- 
1 G rotorcraft. In addition to the unaugmented vehicle, three levels of 
stability augmentation are considered, each involving different lev- 
els of feedback to achieve their goals. Author (El) 

(BTN-95-EIX95222650784) Copyright 

(BTN-95-EIX95222650793) Copyright 

(BTN-95-EIX95242670750) Copyright 
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A9581098' NationalAeronautics and SpaceAdmiistration. Ames 
Research Center, Moffett Field, CA. 
lDENTlRCATlON AND SlYULATlON EVALUATION OF A 
COMBAT HELICOPTER IN HOVER 
JEFFERY A SCHROEDER National Aemutks and Space Ab 
ministration. Ames Reearch Center, Moffett F i .  CA, MARK 8. 
TISCHLER. DOUGLAS C. WATSON, and MICHELLE M. ESHOW 
JwmalofG~idance,~,andDynamics(ISSN0731-5090) vol. 

( B T N - 9 5 - E I X S )  COpyrighl 
18, no. 1 Jmy-Febnrary 1995 p. 31-38 refS 

. rechnigueswereused 

f r a n e i g h t d a t a T h e ~ A H - 6 4 ~ ~  
* w-m-parametrrmed . hthe 

stabilitydemratnrefotm. ToimproveIhemodePs verlicel 
wilhartastabirtyaugwdmm 

msponse,asimpletransfer-lunclionmodel~theefktsd 
dynmlicinfbwwas devebped.ThemOdei, WiulandwlthadstaWJty 
augnentation,wasthenevahratedbyAH-64pilotshamovingbase 
simctation. n was the opinion ofthe pibtslhaxihe simmlnl . wasa 
SatiSfadgrrw-nt-n . o f ~ ~ l o r ~ ~ o f ~ m  

inthesuwwon thanintheekaaR - FU 
todevebpahover F-!E-Apacm- . .  

. .  

~neg?ivecommendwasumtheigMcarbdwasmorediffialt 

A9s-81974 
SR-71 YAY LAUNCH TARGETS FOR YlSSiLE DEFENSE 
TESTS 
WILLIAM B. SCOTT Aviatiar Week & Spaw Technalogy (ISSN 
0005-2175) vd. 140. no. 12 March 21,1994 p. 56-57 
("-9591872) copyriem 

H@qmedtergetvehidesair~franaNASAoperated 

ingrealisticleslsofnerdgaasyar~misspsinterceprn sys- 
tems. A preliminary NAsAshdyindceteslhet ant dlhree sR7l 

ResearehHERATargetSyslemmahdloaM57Al Minutemer Ithid- 

SR-71 B k k M t d ~ g i v e p e n c B o a r ~ ~ ~ k r a n d u c t -  

festbedstheagencyoperanscaldcmymdlfnmchaCdemm 

stage booster. In esseuua, Ihe SR-71 wouid serve as a mlahdy 
inexpen9~,1~~&8tirstsIapdtbtergetvehide.TheSR-71wald 
carry Ihe HERAN57A1 tfqel in aproeeclive siwuci and laurchthe 
vehide at speeds up to Madl 3oforIheeter lTlissile defense tests. 
Variousscenariosdevekpedudertheshldy~kieffy~.  

Hemef 

N95-24541# Joint puMicaaions Research Senrice. Arlington, VA. 
JPRS REPORT: SCIENCE AND TECHNOLOGY. CENTRAL 
EURASIA 
28 Feb. 1995 41 p Trand. into ENGUSH from various Central 
Eotasianartides 

Transhted artides COvBr the tollowing topics: problemg of 
amstructngweldedairaattstnrchaes;autanabc . wewingofekmi- 
numandtitanimallqrrrtnrch#es;fusionweklingthirrsheet titaniun 
allaysto- . s t s d s ; a n d ~  . -m 
with laser-fused hard-facine cofmgs. kdhor 

LansleY - center. Hempton, VA. 

(JPRS-UST-95-011) Avail: CAS1 HC M F  A01 

N95-245lWX National ~eroneutics and Space Mminismim. 

A CREWCENTERED FLIGHT DECK DESIGN PHILOSOPHY 
FOR HIGH-SPEED CIVIL TRANSPORT (HSCT) AIRCRAFT 
MICHAEL T. PALMER, WILLIAM H. ROGERS (ealt, B~KuI&, cnd 
N m ,  h.. Cambridge. MA.), HAYES N. PRESS &OCkh8& 
Winee~and&kncesCo.,Hampton,VA),KARAAUTOREW 
(State Univ. of New York, ~ufkrk, NY.), and TERENCE S. ABBOm 

( ~ S y O r ' W S ) :  RTOP 537-0&21-O1) 
( ~ - l M - 1 0 9 1 7 1 ;  NAs 1.15:109171) 
A01 

Jan.1995 559 

AvaB: CAS1 HC A W F  

Past~dedcdesg~usedwilhinIheu.s.amnerdal 
transport aim industry have been highly - h produdng 
safeandeffidentakaaRHemtnrer,recentahrancesin~ 
~~chengedtheWeypDotsoperateairaaftandthesedrangesmake 
&===vb- ' rdwdedcdes$n.fheHighSpeed 

civil  rans sport (HSCT) mission win kdyadd newkhrmbon *require- 
ments,suchaslhoseIwsaricboanmenagementandsupersonic/ 
wbsmic speed management- consequently, whether one is con- 
cemed with the design ofthe HSCT. or a next genemth subscmk 
aircraftthatwiu indude W d  reaps in-m systems, 
basicissJesintrunanusaWltyOfcarplex-will&3-. 
Theseconcemsmustbeaddressed, in part, withanexpiidt mitEen 
designphaosophyfoarsingon-performanceandw-= 
opefamy in the ~oftheoveralloigMcrewlRightdedrsyem 
(i.e., a aewcentered ptrilosophy). This daxment provides such a 
phiksophy. expmsd as a set of guiding design w, and 
accanQaniedbY- . lhatwilhelpfoarsatBBntianonfligMaew 
issues~cnditeratively~thedesignprocess.ThisQament 
ispartlofatm-pmset Author 

NSS-24629Y 
Ames Research Center, Moffeti Field, CA. 
GEOMETRIC ANALYSIS OF WING SECTIONS 
I.-CHUNG CHANG, FRANCISCO J. TORRES, and CHEE TUNG 
(Army Aviation Systems command. Moffett F i i .  CA.) Apr. lW!i 
18 P 
(Contract(s)/Grant(s): RTOP 50510-11) 

A W F  A01 

National AeronauticS and Spece Administration. 

(NASA-lM-110346; A-950049; NAS 1 . 1 5 : l l M )  Avail: CAS1 HC 

-Thispeperdesuhsanewgeometricanefysisprocedurefor 

forcontkwwsfuncbocls ' . A ~ e t d s p e d a l m - i s k r t r o -  
w i n g e e c t i o n s . T t r i s ~ * b a s e d o n t h e n o n n a l m o d e ~  

dumdtofepmfmtthegeanebydthewingseetion.ThegeJleraton 
of the NACA 4digit airfoits were induded in this set of shape 
~ . l t i s f o m d l h a t t h t 3 s l J p m m d  . . wing seclion, Kom ahfuil, 
couldbew6tlrepr;esenPedbyasetoftensfrapefunclions Pdimi- 
naryresultsshorvedthatthe~r~pammeterstodefiAawing 

researchdeedvancestheciMoildeslgnbchdOgybyredudng 
the number of design variables. Author 

N95-246W# BrownUniv..providence , RI. Dept. of Engineering. 
AERODYNAMIC PARAMETER ESTIMATION VIA FOURIER 
MODULATING FUNCTION TECHNIQUES 
A.E.PEARSON Hampton.VA NASA Apr.1995 44p 

(NASA-CR-4654: NAS 126:4654) Avail: CAS1 HC ko31MF A01 
Parameter estimation a@xihm are developed m the fre- 

quencydanaintorsystemsmodeledbyinpuVoutputordinarydiffer- 
entialequations.Theapproach isbasedonshinbroysmethodof 
moment functionats u t i l i  Fourier based modulating functions. 
~ w h i t e ~ n o l s e s f o r l i n e a r m r l l i v e r i a M e  system 
modelS.~adeptiveweigMed~sqUafeSalgOfithmisdeveloped 
whichapproximatesatnaxhunlikeNhood estimabandaynatbe 
biasedby~initiatorboundaryarnditicr\sinthedataawing 
toaspecialspedalpropertyattadhg !3tWmt-typemod&thgfumtkms. 
AppacetionismadedoperhnbedknequaQknmodehgdlhekngi- 
tudinal and laterel dymnicsofahighperformance airvaft using 
flight-test data. Companmw, . studiesareindudedwhichdemok 
strate potential advantagesofthe algorithm relative to wme wen 
esteblishedtechniqueaforparametsrMentificadion 

mnsferfuncbion identification problem for linear Systems and tothe 
parameter identificadion problem tor a dass of nonthrear-time- 
varying differential system models. Author 

NSS-25334.X Natiaral Aeronautics and Space AdminisEration. 
Ames Research Center, Molfeit Field. CA. 
AERODYNAYIC SHAPE OPTIMIZATION OF WING AND 
WING-BODY CONRGURATlONS USING CONTROL THEORY 
JAMES REUTHER and WONY JAMESON (Princeton Univ., W.) 
Jan. 1995 33p 
(contnrct(S)Mrant(S): NAS2-13721) 
(NASA-CR-19802* NAS 126:198024; RIACS-TR-95-01) Avail: 
CAS1 HC AOWF A01 

secbjon could be gceatly reducedtoaboutten. Hence. the pmsent 

(Con&a~t(~)/Grant(~): NAG1-1065; RTOP 505-64-5243) 

. .  . 
least*rese~oftheapproacharemadelo~-~ 

This paper describes the implementation of optimizatiMl tech- 
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niques based on control theory for wing and wing-body design. In 
previous studies it was shown that control theory could be used to 
devise an effective optimization procedure for airfoils and wings in 
which the shape and the surrounding body-fitted mesh are both 
generated analytically, and the control is the mapping function. 
Recently, the method has been implemented for both potential flows 
and flows governed by the Euler equations using an alternative 
formulation which employs numerically generated grids, so that it 
can more easily be extended to treat general configurations. Here 
results are presented both for the optimization of a swept wing using 
an analytic mapping, and for the optimization of wing and wing-body 
configurations using a general mesh. Author 

N95-25578 Oklahoma City Air Logistics Center, Tinker AFB, OK. 
PROCEEDINGS OF THE 2D USAF AGING AIRCRAFT 
CONFERENCE 
C. 1. CHANG 19 May 1994 431 p Conference held in Del City, OK, 
17-19 May 1994 
(AD-A288217; AFOSR-94-0756TR) Avail: Issuing Activity (De- 
fense Technical Information Center (DTIC)) 

The Air Force Office of Scientific Research gathered together 
representatives of universities funded under the University Re- 
search Institutes to present results of their Aging Aircraft research 
conducted over the preceding year. The purpose was to provide a 
forum for Technical Interchange and provide AFOSR an opportu- 
nity for the research community to interact with the applied engi- 
neering community and gain insight into the day to day problems 
experienced on Aging Aircraft. Technical presentations by- 
personnal from HO AFMC/EN Wright Labs, ASC, the five Air 
Logistics Centers, FAA and NASA were delivered on various topics 
including corrosion, corrosion fatique, multi-site damage and ad- 
vanced non-destructive evaluation methods. Approximately 160 
people attended the conference. DTIC 

N95-25862# National Aerospace Lab., Tokyo (Japan). Aircraft 
Development Section. 
A QUIET STOL RESEARCH AIRCRAFT DEVELOPMENT 
PROGRAM 
Jan. 1994 35 p In JAPANESE 

(NAL-TR-1223) Avail: CAS1 HC AOWF A01 
This report presents a general account of a program undertaken 

by the National Aerospace Laboratory to develop a STOL research 
aircraft, designated ASKA. ASKA made its first flight on October 28, 
1985. Descriptions of the development over the eight years from 1 9 7  
to 1985 are included along with descriptions of the aircraft and Its 
systems, and various development tests. ASKA Is a modlfied C1 
medimsized troop and freight transport, manufactured by Kawaski 
Heavy Industries for the Air Self-Defence Force. The airframe was 
madeanewandthetwoenginesof C-1 werereplacedwithfourFJR710I 
600s fanjet engines amnged as in upper surface blowing system to 
provide powered lift for STOL operations. Author 

N95-25935 Aeronautical Research Labs., Melbourne (Australia). 
Airframes and Engines Div. 
CONFIGURATION AND OTHER DIFFERENCES BETWEEN 
BLACK HAWK AND SEAHAWK HELICOPTERS IN MILITARY 
SERVICE IN THE USA AND AUSTRALIA Abstract Only 
R. W. JACKSON Dec. 1993 1 p 
(AR-008-386; ARL-GD-43) Avail: Issuing Activity (Aeronautical 
Research Labs., Melbourne, Australia) 

Various versions of Black Hawk and Seahawk helicopters have 
been produced to match the requirements of different operators. 
Some of the differences between these versions, particularly those 
relevant to the dynamic system, are briefly reviewed. Author 

NQ5-26009 Mechanical Engineering Lab., Sakura (Japan). 
LONG ENDURANCE STRATOSPHERIC SOLAR POWERED 
AIRSHIP 
Mar. 1994 71 p In JAPANESE 
(PB95-178729) Avail: Issuing Activity (National Technical Infona- 
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tion Service (NTIS)) 
This is a report on HALROP (High Altitude Long Range Obser- 

vational Platform), a solar powered airship entitled ‘Long Endurance 
Stratospheric Solar Powered Airship,’ and was published by the New 
Airship System Study Group of the Japan Industrial Technology 
Promotion Association. The report covers history of previous re- 
search on stratospheric platform; the concept and design specifica- 
tions of HALROP (a proposed model for 20 km altitude airship); 
relationship between the altitude and meteorological data; liftoff, 
descent, and recovery operations; design of high efficiency solar 
power system; structure and weight balance problems, a feasibility 
study of antarctic exploration by HALROP; the conceptual design of 
solar powered transport airship called JS-RESAT which makes use 
of the jet stream; and the feasibility study of stratospheric power 
generation. NTIS 

N95-263381 General Accounting Office, Washington, DC. Na- 
tional Security and International Affairs Div. 
REPORT TO CONGRESSIONAL COMMITTEES. TACTICAL 
AIRCRAFT: CONCURRENCY IN DEVELOPMENT AND 

19 Apr. 1995 33 p 
(GAOMSIAD-95-59; 8-259204) Avail: CAS1 HC AOWF A01 

The concurrency between the development and production 
phases of the Air Force’s F-22 fighter program and the risk associ- 
ated with that concurrency are assessed. Although the F-22 pro- 
gram involves considerable risk because it embodies important 
technological advances that are critical to its operational success, 
the F-22 program exhibits a high degree of concurrency because the 
program will enter production well before commencement of initial 
operational testing and evaluation (IOTIE). The Air Force plans to 
procure 80 F-22s under low-rate initial production (LRIP), or 18 
percent of the total planned procurement, at an estimated cost of 
$12.4 billion, before completing IOTIE. F-22 production rates in the 
LRlP phase are planned to accelerate so that 75 percent of the full- 
production rate, or 36 aircraft a year, will be achieved under the LRlP 
phase of the program. The planned rate of acceleration, it is 
believed, exceeds the amount that is needed to successfully com- 
plete the LRlP phase of the program and essentially represents a 
plan to commit to a full-rate production schedule before IOTIE is 
completed. The need for the F-22, based on analysis, is not urgent. 
Moreover, engine and stealthiness problems already disclosed by 
DOD. and the potential for avionics and software problems, under- 
score the need to demonstrate the weapon system’s perfonance 
through flight testing before significant commitments are made to 
production. CAS1 

PRODUCTION OF F-22 AIRCRAFT SHOULD BE REDUCED 
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Includes cockpit and cabin display devices; and flight instruments. 

A95-81096 

AUTOPILOT DESIGN 
CHING-FANG LIN American GNC Corp, Chatsworth, CA, United 
States, JAMES R. CLOUTIER, and JOHNNY H. EVERS Joumal of 
Guidance, Control, and Dynamics (ISSN 0731-5090) vol. 18, no. 1 
January-February 1995 p. 46-53 refs 

Subjects related to a robust multivariable autopilot design are 
examined. First, a canonical robust control design formulation is 
introduced and is Illustrated by formulating an integrated autopilot 
design problem. This formulation addresses the considerations of 
missile command following, model parameter variations, actuator 
dynamics, flexible dynamics, and parasitic feedback effects. Then, 
three robust autopilot designs for the HAVE DASH 2 missile system 
are executed. The controllers are solved using the generalized 
Hamiltonian approach which unifies a class of robust control designs 

HIGH-PERFORMANCE, ROBUST, BANK-TO-TURN MISSILE 

(BTN-95-ElX95242670751) Copyright 
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in the same framework in terms of the formufation, data structure, 
and solution algorithm. The simulation shows that the designs 
achieve good response against significant kinematic and inertia 
couplings and aerodynamic parameter variations. Author (El) 

N95-24207V 
Lewis Research Center, Cleveland, OH. 
THE 1994 FIBER OPTIC SENSORS FOR AEROSPACE 
TECHNOLOGY (FOSAT) WORKSHOP 
ROBERT BAUMBICK, comp., GRIGORY ADAMOVSKY. comp.. 
MEG TUMA, comp., GLENN BEHEIM, comp., and JORGE 
SOTOMAYORcomp. Feb.1995 Wp WorkshopheMinCIevelsnd 
OH. 16-20 oct 1994 
(contract(s)/orant(s): RTOP sossooo) 
(NASA-CP-10166; E-9426; NAS 1.55:10166) Avail: CAS1 HC r4W 
MF A01 

The NASALewis Research CenterconductedatmfkSbpon 
fiber optic techndogy on October 16-20, 1994. The workshop 
objaiw was to d i  the future direction of fiber optics and 
optical sensor research, espedally in the aerospace arena The 
workshop was separated into four sectiom (1) a Systems section 
which dealt specifidly wim top level overall architectures forthe 
aircraft and engine; (2) a Subsystems Section cwidered the Parts 
and pieces that made up the SdsystemS ofthe overall systems; (3) 
a Sensor/Actuators section CMISidered the status of research on 
passive optical sensors and optical pawered achratorr; and (4) 
Components Section which addressed the int- for the 
optical systems (e.g.. opaical cocmectors, optical fibers, etc.). This 
report contains the minutes of the d i m s u n  . ontheworkshop,m 
in each section and m the plenarv sessions. The slides used bya 
limited number of pmsenters am also induded as presented. No 
attemptwasmadetohomogenizethisreport.Theviewdmostofthe 
attendees was: (1) the gwmmentmstdo a better job of dbsemi- 
natmg technical information in a more timely fashion; (2) enougt~ 
work has been done onthecomponents, and systemtevelarchitec- 
&:e definition musi dictate what work should be done on compo- 
nents; (3) a photonics Steefing Committee should be fonned to 
coordinate the efforts of government and industry in the photonics 
area, to make sure that pmgrams complimented each ather and that 
technoiogytransfened fromone program was used in other pro- 
grams to the best advantege of the government and industry. 

Author 

National Aeronautics and Space Administration. 

N95-24624%' National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. OH. 
ASSESSMENT OF AVIONICS TECHNOLOGY IN EUROPEAN 
AEROSPACE ORGANlUTfONS Final Contractor Report 
D. A. MARTINEC (Aeronwthl Radio, Inc., Annapdi. MD.), ROB- 
ERT BAUMBICK, ELLIS HllT (Battelle Colrrmkrs Labs., OH.), 
CORNELIUS LEONDES (Washington Univ., Beliingham, WA.). 
MoNlCAMA~ON(AirForceSystemsCanmend.Wright~ 

TX.). and JOSEPH TRAYBAR (Federal Aviation Admbristration. 
Atlantic City, NJ.) 21 Sep. 1992 179 p 
(cOntraa(S)lGrant(s): N-8622) 

AOSIMF A02 
This report pr0vi-s a summary of the obsenrations and 

recommendationsmadebyatechnicalpaneifamedbytheNationel 
AeronauticsandSpace Administration (NASA).Thepanel.#Wnpri* 
ina experts in the avionics field. wwi tasked to visit 
various WWdzations in Europe to assess the level oftechndogy 
planned for USB in man- dvil avionics in t h e m .  The 
Prknary P u m  of the study was to asses - SYstems 
mforknplementa tion oralready empkyed on dvil ai- and 
to-htehrtumresearch, develogment. andellghmw * (RD&E) 
programs, address avionic systems and a i d  mm. The 
ultimate goal is to ensure that the techndogy addressed by NASA 
prog~~commensuratewiththeneedsoftheaerospeeekdustry 

AFB, OH.), JOSEPH SCHWlND (Air l i i  Pilots Arrsodation ,Deniscn, 

(NASA-CR-189201; E-9592; NAS 1.26:189201) Avail: CAS1 HC 

at an international level. The panel focused on specific technolO@8S. 
including guidance and control systems. advanced cockpiit displays. 
sensors and data networks, and fiy-by-widlly-by-light systems. 
However, discussions the panel had with the European organiza- 
tions were not limited to these topics. Author 

NQS-254IOS National Aerospace Lab.. Tokyo (Japan). contrd 
systems Div. 
FLIGHT REFERENCE DISPLAY FOR POWERED-UFI STOL 
AlRCR AFT 
KElJl TANAKA, KOHEI FUNABIKI. MASARU NAKAMURA, YUSHI 
TERUI, TOSHIHARU INAGAKI. HlROYASU KAWAHAFtA,YUKICHI 
TSUKANO, and TAKATSUGU ON0 oct 1994 26 p 
(ISSN 0389-4010) 
(NAL-TR-1251) Avail: CAS1 HC A W F  A01 

This study deals with a proposed flight reference display for 
pcmereblilt S O L  aircraft The display design aims at providing 
pilots with new contrd cues for maintaining S i  safety during low- 
speed high-power approach. The display Utilites angle of atlW2k. 
pitch angle, and airspeed to i n d i t e  the flight reference for maintab 
mg the flight safety margins. piloted simulation Iffingamoving-base 
flight sknulator WBS conducw to veer#vthedisplaysCheme. me 
paramtersofthe~yequations were designed on the basis of 
the RigM test achievements of 'ASKA.' the axperimental S O L  
aircraft of the National Aerospace Labonmy. This preliminary 
evaJuationdemanstratedthatthedispkycanbeusedforbo#fiQhi 
reference tracking and safety margin rlmbing. and prwided 
appropriate values of coeffiaents . of the display equations. The 
succeedkrgflitevaluafion . Oftheptoposedciiom-dWay 
W8Sconductedaft9rinstaUithedisplayuponanin-fligtltsimutatw, 
whc6Ia mation cues yield ultimate tideliofflight simuMon .emrirorr 
ment for the display evaluation As the i n - f l i  simutetor, the 
variable stabilii and msponse airplane (VSRA) of the Nationel 
Aerospace Laboratory was utitized for this experiment. fhe fliht 
reference display for this flight evaluation WBS developed by using 
a d o r  iiquid ctystel display. The results of the approach flight 
experiments provided proof of satisfactory performance of the 
display for pilots to monitor and reg- the safety margins, as well 
aswggesbon . forfutureimprwement Mhor 

NQS-26190 OrgadWe VOOT 7- -lijk 
Ondenoek, Delft (Netherlands). 
PARTIAL CAMERA AUTOMATION IN A SIMULATED 
UNMANNED AIR VEHICLE Interim Report 
J. E. KORTELlNGand W. VANDERBORG 5ocl, 199429 p Limited 
Reprodudbility: Morethan20%ofthisQwmentmaybeaffectedby 

Activity (Defense Technical lnfwmation Center (DTIC)) 
With the rapidderelopmentofautomaticwntmltechn@wa 

central question is how the division of labor between the human 
operator and the- should be optimallyd&hbubd. In Ws 
connection, the present study foanrsed on an intellisem. semi- 
autanomous. brterface fora camera apemtorof asimulated UW 
manned Air Vehide (UAV). This imerface used inherent system 
-ge- 'ng UAV motion m order to assist a camera 
operatormtreckinganobjectmovingthraughthetandscapebekw. 
This landscape was sensored by the video ~ame~attechedtothe 
UAV-p&thn and pnrsented to the operator on a monitor display. 
Thesemigutomatedsystemcompensatedforthetranslationsofthe 
UAV relative tothe earth. Thii cOmpetlSabiOnwas eccomparued ' by 
theappropnabs . ~ ~ m s e n s u r i n g t e c t i l e ( h a p b i c ) f e e d -  
back dlhesesystem intenrentions. The opcuatorhadto srgerim 
posecameramcrvementsovermesesystem~requhedlo 
tradrthe motion ofatarget (adrivingtnrdr) mktivetothetenain. 
Consequently, the operator remained in the kop; he still had total 
contrd ofthe camera-motion system. In order to hedoate the 
effects ofthis semi-automation m r a  broad range of task situations 
the tracking task was carried out under two c o n d i ~ ~  of up& 
freguency of the monitor image and control mode diffiarfty. DTIC 

microfiche quality 
(AD-A288786; TNO-TM-1994-516; TDCK-962179) Avail: Issuk\g 
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07 
AIRCRAFT PROPULSION AND POWER 

Includes prime propulsion systems and systems components, e.g., 
gas turbine engines and compressors; and on-board auxiliary power 
plants for aircraft. 

N95-24213'1 Aubum Univ., AL. Dept. of Mechanical Engineering. 
DYNAMIC BEHAVIOR OF A MAGNETIC BEARING 
SUPPORTED JET ENGINE ROTOR WITH AUXILIARY 
BEARINGS 
ABDOLLAH HOMAIFAR. ed. (North Carolina Agricultural and Tech- 
nical State Univ., Greensboro, NC.), JOHN C. KELLY, JR., ed. 
(North Carolina Agricultural and Technical State Univ., Greensboro, 
NC.), G. T. FLOWERS, H. XIE, and S. C. SINHA Albuquerque, NM 
1994 7 p Presented at the First Industry/Academy Symposium on 
Research for Future Supersonic and Hypersonic Vehicles: Applica- 
tions, Design, Development and Research, volume 1, Greensboro, 
NC, 4-6 Dec. 1994 Its TSI Press Series 
(Contract( s)/G rant( s): NAG9 1 507) 
(NASA-CR-197860; NAS 1.26:197860) Avail: CAS1 HC A02/MF 
A0 1 

This paper presents a study of the dynamic behavior of a rotor 
system supported by auxiliary bearings. The steady-state behavior 
of a simulation model based upon a production jet engine is explored 
over a wide range of operating conditions for varying rotor imbal- 
ance, support stiffness and damping. Interesting dynamical phe- 
nomena, such as chaos, subharmonic responses, and double-valued 
responses, are presented and discussed. Author 

N95-24293 Northern Research and Engineering Corp., Woburn, 
MA. 
SMALL GAS TURBINE COMPONENT EVALUATION STUDY 
Final Report, Jun. 1990-1992 
J. 8. KESSELI Jun. 1994 114 p Sponsored by Gas Research Inst. 
Limited Reproducibility: More than 20% of this document may be 
affected by microfiche quality 
(Contract( s)/G rant( s): G Rl-5089-29 1 -2077) 
(PB95-147542; NREC-1762: GRI-94/0350) Avail: CAS1 HC A06 

The low pressure ratio, highly recuperated gas turbine engine 
is a candidate for future small (under 200 kW) cogeneration systems 
and other prime-mover applications. Existing gas engine equipment 
(cogeneration, chillers, pump and compressor-drives) based on 
spark ignition (Otto cycle) technology has not been successful 
enough to substantially expand the sale of natural gas. The small 
gas turbine is being considered for its potential economic advan- 
tages that stem from superior reliability (lower maintenance costs), 
increased shaft-power efficiency, less costly installation, and lower 
costs associated with meeting future emission standards. In this 
study and experimental program, the focus was in two areas of 
critical importance. These are the ability of the engine to meet future 
California State emission standards, and the cost-effectiveness of 
the recuperator. A complete engine test was performed based on 
non-developmental commercial components, including a non-opti- 
mum recuperator. NOx emissions were below 5 ppmv at 15% 
excess oxygen, while carbon monoxide was in the range of 25 ppmv. 
Engine electrical generation efficiency was 21 %with a 71% effective 
recuperator, proving that the goal of 30 to 33% electrical efficiencies 
are attainable with an optimally sized recuperator. NTlS 

N95-24304.1 McDonnell-Douglas Aerospace, Long Beach, CA. 
ADVANCED SUBSONIC AIRPLANE DESIGN AND 
ECONOMIC STUDIES Finrl Roport 
ROBERT H. LIEBECK, DONALDA. ANDRASTEK, JOHNNY CHAU. 
RAQUEL GIRVIN, ROGER LYON, BLAINE K. RAWDON, PAUL W. 
SCOTT, and ROBERT A. WRIGHT Apr. 1995 37 p 
(Contract(s)/Grant(s): NAS3-25965; RTOP 538-08-1 1 ) 
(NASA-CR-195443; E-9488; NAS 1.26:195443) Avail: CAS1 HC 

A03/MF A01 
A study was made to examine the effect of advanced technol- 

ogy engines on the perfomance of subsonic airplanes and provide 
a vision of the potential which these advanced engines offered. The 
year 2005 was selected as the entry-into-service (EIS) date for 
engindairframe combination. A set of four airplane classes (passen- 
ger and design range combinations) that were envisioned to span 
the needs for the 2005 EIS period were defined. The airframes for all 
classes were designed and sized using 2005 EIS advanced technol- 
ogy. Two airplanes were designed and sized for each class: one 
using current technology (1995) engines to provide a baseline, and 
one using advanced technology (2005) engines. The resulting 
engindairframe combinations were compared and evaluated on the 
basis on sensitivity to basic engine performance parameters (e.g. 
SFC and engine weight) as well as DOC+I. The advanced technol- 
ogy engines provided significant reductions in fuel bum, weight, and 
wing area. Average values were as follows: reduction in fuel bum = 
~WO, reduction in wing area = 7%, and reduction in TOGW = 9%. 
Average DOC+I reduction was 3.5% using the pricing model based 
on payload-range index and 5% using the pricing model based on 
airframe weight. Noise and emissions were not considered. 

Author 

N95-24390'1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, OH. 
CROSSFLOW MIXING OF NONCIRCULAR JETS 
D. S. LISCINSKY (United Technologies Corp., East Hartford, CT.). 
B. TRUE (United Technologies Corp., East Hartford. CT.), and J. D. 
HOLDEMAN Feb. 1995 13 p Presented at the 33rd Aerospace 
Sciences Meeting and Exhibit, Reno, NV, 9-12 Jan. 1995; spon- 
sored by A I M  Original contains color illustrations 
(Contract(s)/Grant(s): NAS3-25954) 

0732) Avail: CAS1 HC A03/MF AOl; 5 functional color pages 
An experimental investigation has been conducted of the 

isothermal mixing of a turbulent jet injected perpendicular to a 
uniform crossflow through several different types of sharp-edged 
orifices. Jet penetration and mixing was studied using planar Mie 
scattering to measure time-averaged mixture fraction distributions 
of circular, square, elliptical, and rectangular orifices of equal 
geometric area injected into a constant velocity crossflow. Hot-wire 
anemometry was also used to measure streamwise turbulence 
intensity distributions at several downstream planes. Mixing effec- 
tiveness was determined using (1 ) a spatial unmixedness parameter 
based on the variance of the mean jet concentration distributions 
and (2) by direct comparison of the planar distributions of concentra- 
tion and of turbulence intensity. No significant difference in mixing 
performance was observed for the six configurations based on 
comparison of the mean properties. Author 

NB5-24392'U Iowa State Univ. of Science and Technology, Ames, 
IA. 
STUDY OF COMPRESSIBLE FLOW THROUGH A 

Final Report 
JEFFRY FOSTER, THEODORE H. OKIISHI, BRUCE J. WENDT 
(ModemTechnologiesCorp.. Middleburg Heights, OH.), and BRUCE 
A. REICHERT (Kansas State Univ., Manhattan, KS.) Cleveland, OH 
NASA Apr. 1995 61 p 
(htract(s)/Grant(s): NAG3-1561) 
(NASA-CR-4660; E-9582; NAS 1.26:4660) Avail: CAS1 HC AO4lMF 
A01 

Detailed flow field measurements are presented for compress- 
ible flow through a diffusing rectangular-to-semiannular transition 
duct. Comparisons are made with published computational results 
for flow through the duct. Three-dimensional velocity vectors and 
total pressures were measured at the exit plane of the diffuser 
model. The inlet flow was also measured. These measurements are 
made using calibrated five-hole probes. Surface oil flow visualiza- 
tion and surface static pressure data were also taken. The study was 

(NASA-TM-106865; E-9477; NAS 1.15:106865; AlAA PAPER 95- 

RECTANGULAR-TO-SEMIANNULAR TRANSITION DUCT 
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conducted with an inlet Mach number of 0.786. The diffuser Reynolds 
based on the inbt centerline velocity and the exit diameter of the 
diffuser was 3.200,OOO. Comparison of the measured data with 
previously published computational results are made. Data derOn- 
strating the ability of vortex generatom to reduce Row semtion end 
arcumferential distortion is also presented. Author 

N95-24561'X National Aeronaubi~~ and S- Admi~MratM. 
Lewis Research Center, C l e V ~ W .  ot(. 
THE EFFECT OF ALTITUDE CONDITIONS ON THE 
PARTlCLE EMISSIONS OF A J65-GE-5L TURBOJET 
ENGINE 
JUNE ELIZABETH RICKEY Feb. 1995 52 p 
(contract(s)/Grant(s): RTOP 505-62-00) 

A W F  A01 
Partides from a J85GE-5L turbojet ensine were meBsured 

over a range of engine speeds at simulated alwlde amditbs 
ranging from near sea level to45,WOftandatRighi Mach nunbets 
of 0.5 and 0.8. samples were collected trom the engine by using a 
specially designed probe pcsitioned several inches behind the 
exhartst nozzle. A differential mobility partide Siring system was 
used to determine partide size. Partide data measured at near sea- 
level c o n d i i s  were compared Navy Airaaft EmmomnenEal 
Support Office (AESO) particle data taken fran a GEJ854A engine 
ata sea-bvei static amrlii. Partide datafranthe JB5 fm@ine w ~ r e  
also compared with partide data from aJ85 combusWatthree 
different simulated altitudes. krthor 

N95-2- National Aerospace lab., Tokyo (Jepan). 
EFFECT OF FILM COOUNOlREOENERATlVE COOUNG ON 
SCRAMJET ENGINE PERFORMANCES 
FUMlEl ONO, TAKESHI KANDA, -0 MASUYA, TOSHlHlTO 
SAITO, and YOSHIO WAKAMATSU Jul. 1994 16 p In JAPANESE 
(ISSN 03es-4010) 

Film coding was modeled to allow perhnmx prediction of 
scramjet engine design. The model was based on experimental 
results of compressible mixing layers forthe vicinity ofthe injedbn 

region far from the slot Them coofingmodelwas integmdtoa 
quasi one-dimensional scmmjet perfomranoe pmdktion model. In 
the engine employing a combination of fikn cooling and regeneralive 
cooling. coolant flow rate of the mghe slightly exceeded the 
stoichiometric flow rate, even at high flight Mach nmben. and had 
the best specific impulse and system pressure-.- 
advantages were achieved by inaessing the vdune fiow rate and 
decreasing the veloci difference between the mein fkvv and the 
coolant, both due to an inaease in the film coolanttemperature. The 

regenerative cooli  was also advantagclarsmlhal excess cooling 

(NASA-TM-106669; E-9143; NAS 1.15:106669) Avail: CAS1 HC 

(NAL-TR-1242) Avail: CAS1 HC AO3NF A01 

slot. and on analytical results of the hnadentbwndary rayer inthe 

effective coding system with a combination offilmcodingand 

ofthe engine wall COUM beavoided. Theambkration drncoding 
a n d r e g e ~ t i v e c d i n g w a s a l s o ~ f r a n ~ ~ o f t h e  
propeuantfeedsystem.TheturbineexhaustgaswassuitaMeforthe 
codant of film coding. krthor 

NGS-25395Y Queendand Univ., Saint Luda (Mi). Dept. of 
Mechanical Engineering. 
THRUST MEASUREMENTS OF A COMPETE 
AXISYMMETRIC SCRAMJET IN AN IMPULSE FACILITY 
A. PAULL, R. J. STALKER, and D. MEE In%ShockTunnel Studies 
of scramjet p h e m  1993 p 15-18 Jan. 1995 sparsored in 
Cooperatiar with NASA. L a t ~ l q  Research cerdercmd the Awtra- 
lianResearchcocmdl 
Avail: CAS1 HC AOlMF A02 

Thispepeadescribestestswhichwemcondmedbrthehyper- 
sonic impulse fadlii T4 on a fully integrated &symmeW scmmjet 
amfiguration. In these tests the net force on the SQamjet vehicle 
was measured using a deconvdution force balance. This- 
ment technique and its application to a complex model such as the 
sumjet am d i i  . R e s u l t s a r e p r e s e n t e d f o r t h e ~ s  

aerodynamic drag and the net force on the scram@t when fuel is 
injected into the combustion chambers. It is shown that a Scrarnjet 
using a hydrogen-silane fuel produces greater thrust than its aero- 
dynamic drag at flight speeds equivalent to 260 d s .  Author 

N95-253W# Queensland Univ., Saint Lucia (Australia). Dept Of 
Mechanical Engineering. 
SCRAYJETTHRUSTUEASUREMENTINASHOCKTUNNEL 
A. PAUU R. J. STALKER. and D: J. MEE In ifs Shodc Tunnel 
studies of Scramjet Phenomena 1993 p 19-27 Jan. 1995 spok 
soredincooperaMwiththeAustreken ' Research Council 
Avail: CAS1 HC AMlMF A02 

This note repds tests in a shock tunnel in which a fully 

ments not only showed that impulse W l i  c8n be ustad for 
ofthe 

epplicationofanewtechnQmtothemeaarrementofUwuston 
scramjet configurations in shodctumels. Thesetwodevekpments 
are of s i g n i i  because snarrrjets are expected tooperate at 
speeds well in excessof 2 knlsec. and shock tunnels offer a means 
ofgeneratinghighMachnumberlbvsatsuchspeeds. Aumor 

integrated scramjet Configuram produced net thm. The experi- 

assessing thrustperfonnance, but also were ademonstrabon . 

N95-2snTrx QueendandUniv..SaintLucia(AUstrelia). oept of 
Mechanicel Engineering. 

SEANTUTRE InitsShodcTunnelshrdiesofsaarrrjetphenom 
e m  1993p 29-36 Jan. 1995 
Avail: CAS1 HC A W F  A02 

The t w o - d i  thrust nozzle presents a chabqhg 
problem. The loading is notaxisymmetric as m the case of acone 
andtheinternalfbnvpresents~designcliffiahbes . .A- 
system has been &osento aaamomethe internal Ikw and 
achieve some symmetry. The situation iscomplicated by the fad 
that with the small ramp angle and the internal pressure on the 
nozzle walls. loading is predorninantfy transverse. Yet it is the axial 
thrust which is to be measured (Le., the tensile waves propagating 
in the stings). Although bending stnrsswavestrevel at most at only 
6o%ofthespeedofthe axial sbeas waves. thesystemneedstobe 
s t i f f e n e d ~ b e r w l i n g . T h e ~ s t i n g w a s ~ o n l y u p e d  
to preserve symnetry. However, the pmssufes on each thrust 
surface may be quite differentatplwnecondi, so atmsstege 
the sign&sirom both slings am beq averaged as a f i m  order 
approximation ofthe net thrust The expscted axial Uuusthwn this 
nozzle is not large so thin m a r e  required. In addith. thecontact 
areabetween nozzle and sting needstobemaximized. The resull 
was that it was decided to twist the stings through 90 deg. withwt 
d-ngtheir . shape,justaftofthenozzle.F~ 
element analysis shawed that this woukt not significantly alter the 
pmpagationof the axial stress wave inthe sting, whilethe risidityd 
t h e s y s t e m i s g m a n y ~  .AMach4cartouednonlei~used 
inthelmqmhms . T h e t h r u s t c d c u k & d b y ~ t h e s t f l t i c  
presWremeesuremerfts~the~surfacesiSannperedwiththe 
decomrolvedstrakrmeesurementofthenetthrustforthecasesof 
air onlyand hydrogen fuel injected indo drat appximaWy9 MJjkg 
nozzle supply enthalpy. The gain in thrust due to combstm . is 
Wbleinthisresult Derivedfromtexl 

THRUST MEASUREMENT IN A 2-D SCRAMJET NOZZLE 

N9525936 Aeronautical Research Labs., Melbourne (krstrali). 
AirframesandEnginesDiv. 
ASSESSMENT OF OVERHAUL SURGE MARGIN TESTS 
APPLIED TO THE T53 ENGINES IN ADF IROQUOIS 
HELICOPTERS Abstract Only 
P.C. w. mm F&. 1994 1 p 
(AR-00&389; ARL-TN-48) Avail: IWng Activity ( h e  
Resecych Labs., Melbarme, Australia) 

The validity of the tea procedures UsBd at ovemautto establii 
the surge margin of Lycoming T53 engines irrsteued in Austmlii 
Defence Force (ADF) Iroquois h e l i r s  has been assessed. 
Recommendations are made on the use of wa-tesk. on the 
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increased surge margin applied at overhaul to ADF T53 engines and 
on the implementation of improved inspection criteria at the unit 
level. Author 

08 
AIRCRAFT STABILITY AND CONTROL 

Includes aircraft handling qualities; piloting; flight controls; and 
autopilots. 

A95-79251 
AEROSERVOELASTIC ASPECTS OF WlNGlCONTROL 
SURFACE PLANFORM SHAPE OPTIMIZATION 
ELI LIVNE Univ of Washington, Seattle, WA, United States and 
WEI-LIN LI A I M  Joumal (ISSN 0001-1452) vol. 33, no. 2 
February 1995 p. 302-31 1 refs 

Equivalent plate structural modeling and doublet point lifting 
surface unsteady aerodynamics are used to obtain analytic sensi- 
tivities of aeroelastic and aeroservoelastic response with respect to 
wing and control surface planform shape parameters. Rational 
function approximations for unsteady aerodynamic forces, their 
shape sensitivities, and the resulting linear time invariant state 
space models of aeroservoelastic systems and their shape sensitivi- 
ties are examined. The goal is to develop effective and numerically 
efficient approximation techniques for wing shape optimization for 
use with nonlinear programming and approximation concepts as a 
multidisciplinary optimization strategy. Effects of structural and 
unsteady aerodynamic modeling errors are studied. Examination of 
apptoximation accuracy using alternative approximation techniques 
(and the resulting move limits) provide insight and experience on the 
way to realistic wing/control surface shape optimization with active 
controls and aeroservoelastic constraints. Author (El) 

(BTN-95-EIX95222650795) Copyright 

N95-24260 National Defence Research Establishment, Linkoeping 
(Sweden). 

CONTROLLED HELICOPTER [INTERFACE MELLAN 
DIGITAL KOMPASS OCH RADIOSTYRD HELIKOPTER] 
C. EKSTROEM Jun. 1994 13 p In SWAHILI 
(PB95-164927; FOA-(2-30768-3.6) Avail: Issuing Activity (National 
Technical Information Service (NTIS)) 

One can use a digital compass as a tool to navigate a 
semiautonomous mini helicopter. This thesis describes how to 
create an interface between the digital compass (KVH C100) and the 
controlling servos in the mini helicopter. NTIS 

INTERFACING A DIGITAL COMPASS TO A REMOTE- 

09 
RESEARCH AND SUPPORT FACILITIES (AIR) 

Includes airports. hangars and runways; aircraft repair and overhaul 
facilities; wind tunnels; shock tube facilities; and engine test blocks. 

A9541020 
SUPERCOOLING IN HYPERSONIC NITROGEN WIND 
TUNNELS 
WAYLAND C. GRlFFlTH North Carolina State Univ, Raleigh, NC, 
United States, WILLIAM J. YANTA, and WILLIAM C. RAGSDALE 
Joumal of Fluid Mechanics (ISSN 0022-1 120) vd. 269 June 25 
1994 p. 283-299 refs 

Recent experimental observation of supercooling in large hy- 
personic wind tunnels using pure nitrogen identified a broad range 

(BTN-94-EIX95011441134) Copyright 
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of nonequilibrium metastable vapor states of the flow in the test cell. 
To investigate this phenomenon a number of real-gas effects are 
analyzed and compared with predictions made using the ideal-gas 
equation of state and equilibrium thermodynamics. The observed 
limit on the extent of supercooling is found to be at 60% Of the 
temperature difference from the sublimation line to Gibb's absolute 
limit on phase stability. The mass fraction then condensing is 
calculated to be 12-14%. Included in the study are virial effects, 
quantization of rotational and vibrational energy. and the possible 
role of vibrational relaxation and freezing in supercooling. Results 
suggest that use of the supercooled region to enlarge the Mach- 
Reynolds number test envelope may be practical. Data from model 
tests in supercooled flows support this possibility. Author (El) 

N95-24302'# Purdue Univ., West Lafayette, IN. School of Aero- 
nautical and Astronautical Engineering. 

LAMINAR-TURBULENT TRANSITION RESEARCH Final 

STEVEN P. SCHNEIDER Feb. 1995 172 p 
(Contract(s)/Grant(s): NAG1-1607) 
(NASA-CR-198040; NAS 1.26:198040) Avail: CAS1 HC AOB/MF 
A02 

This grant supported research into quiet-flow supersonic wind- 
tunnels, between February 1994 and February 1995. Quiet-flow 
nozzles operate with laminar nozzle-wall boundary layers, in order 
to provide low-disturbance flow for studies of laminar-turbulent 
transition under conditions comparable to flight. Major accomplish- 
ments include: (1) development of the Purdue Quiet-Flow Ludwieg 
Tube, (2) computational evaluation of the square nozzle concept for 
quiet-flow nozzles, and (3) measurement of the presence of early 
transition on the flat sidewalls of the NASA LaRC Mach 3.5 super- 
sonic low-disturbance tunnel. Since items (1) and (2) are described 
in the final report for companion grant NAG1 -1 133, only item (3) is 
described here. A thesis addressing the development of square 
nozzles for high-speed, low-disturbance wind tunnels is included as 
an appendix. Author (revised) 

SUPERSONIC QUIET-TUNNEL DEVELOPMENT FOR 

Report, Fob. 1994 - Fob. 1995 

N95-24388Y North Carolina State Univ., Raleigh, NC. 
DEVELOPMENT OF A MODEL PROTECTION AND DYNAMIC 
RESPONSE MONITORING SYSTEM FOR THE NATIONAL 
TRANSONIC FACILITY 
CLARENCE P. YOUNG, JR., S. BALAKRISHNA (Vigyan Research 
Associates, Inc.. Hampton, VA.), and W. ALLEN KILGORE (Calspan 
Corp., Hampton, VA.) Feb. 1995 30 p Prepared in cooperation with 
ViGYAN. Inc. and Calspan Corp. 
(Contract(s)/Grant(s): NCCl-141; RTOP 505-59-85-01) 
(NASA-CR-195041; NAS 1.26:195041) Avail: CAS1 HC AOmF 
A01 

A state-of-the-art, computerized mode protection and dynamic 
response monitoring system has been developed for the NASA 
Langley Research Center National Transonic Facility (NTF). This 
report describes the development of the model protection and 
shutdown system (MPSS). A technical description of the system is 
given along with discussions on operation and capabilities of the 
system. Applications of the system to vibration problems are pre- 
sented to demonstrate the system capabilities, typical applications, 
versatility. and investment research retum derived from the system 
to date. The system was custom designed for the NTF but can be 
used at other facilities or for Other dynamic measuremenffdiagnostic 
applications. Potential commercial US88 of the system are de- 
scribed. System capability has been demonstrated for forced re- 
sponse testlng and for characterizing and quantifying bias errors for 
onboard inertial model attitude measurement devices. The system 
is installed in the NTF control room and has been used successfully 
for monitoring, recording and analyzing the dynamic response of 
several model systems tested in the NTF. Author 
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N%-24424 Baker (WWred) Engineering, Inc., San Antonio, TX. 

BERMED AIRCRAFT SHELTERS Final Technical Report, 22 
May 1991 - 15 Feb. 1992 
MARK G. WHITNEY and KATHY H. SPIKY Jun. 1993 52 p 
Limited Reproducibili More than 20% of this dowment may be 
affected by microfiche quality 
(Contract(s)lGrant(s): Fo8635-91-C-0189) 
(ADA279692; WE-228-001 ; AFCEMSL-TR-92-25) Avail: CAsi 
HCAo4 

The subject work has been performed rrnder Phase 1 of an 
SBlR program sponsored by Tyndalr MB. The effort commmtd 
o n d e v e k p n e n t o f m e t h o d s l o q u a n l i f y ~ ~ h a n a c c i -  
dentalexpkkshsinsideearth-bermedanlunbermedaimaftshel- 
ters. The Phase 1 effort addeseed shock bading, gas loading. 
debris breakup. and detwisthrrm.TheprediclDn model, ouantity- 
Distance Requirements for Airaaft shelters (OMUCS), indudes 
new programming which lises ifna!p cherges and ray-tracing of 
shodss for the spedfic ~eomety of an ahaaft shelter. Interior 
surfacesare divided intoagridofrectangJarelements. shodcloeds 
amcalartated at each elementfor upto2Omunitkmstadrs. Existing 
data were utilized to detem-tina stnrctural breakup dependence on 
loadhbnsityandthefomurbon . ofsmaaoriargedebris.venbingis 
calculated wingthe FRANGproOramasawbroubne . tooDRAcs. 
butwithspecieltreatmentfwdefiningventareaandventperimeter 
basedonthebreakuppattem.andventingprwidedbythedoor.fhe 
velocity of ali missiles is calartaaed based on auWwibm fromboth 
theshodcandgaspresa#ekading.Debrisdispersioniscaladeted 
Using MUDEMIMPasasrlww8he. Model msdbwereumpedlo 
the Q-D criteria based on DISTANT RUNNER tests. Hazard dis- 
tances for Event 4 were prediaed wilhin 20 pmwnt, and for Event 
5, within 5 pewnt of the DISTANT RUNNER data DTIC 

QUANTlTY-DISTANCE REQUIREMENTS FOR EARTH- 

N95-2!SW# Queendand Univ., sakd Luda (Australie). Dept of 
Mechanical Engineering. 
THE SUPERORBITAL EXPANSION TUBE CONCEPT, 
EXPERIMENT AND ANALYSIS 
A. J. NEELY and R. G. MORGAN In its Shock Tunnel sbrdies of 
* m t  phenomena 1993 p 97-105 
rooperetionwiththe Australian Researchcandl 
Avail: CAS1 HC A W F  A02 

In response to the need for ground testing f a d t i i d o r  srper 
orbiil resntry research, a smell scalefaciiii has been setup atthe 
University of Q~~eensland to demanstrate the superwbjtel expan- 
sion tube concept. This unique &vice is a i m  piston driven. triple 
diaphragm, impulse shodr fadlity which uses ?he mlhalpy mrftipli- 
cation mechanii of the rnrsteady expamion p10cess and the 
a d d i i  of a secondary shock driver lo further heat the driver gas. 
The pilot facility has been operated to produce test 
flows in air with shock vekcities inexcess of 13kn/send with a 
useMetestRawdurationaS?headerd15miar,rrec.anc#cperimbn- 
talcondibon . producedintheGci#tywithwldl108MJ/kg 
a n d a t o t a l p r e s s u r e o f 3 3 5 M P a i s ~ . A ~ ~ l b w  
model which accwnts for nonMeal ~pture of the light tertiary 
diaphmgm and the msuHing entmpy inaease in the test gas is 
d i s a r s s e d . I t i s ~ ~ e q u i y k i u n ~  . 'I[WB- 
model theunsteadyexpanskmprocesslhancakukms assumin0 
h e n  chemistry. This is because the high emhadwflaws produced 
m the facility can only beeehieved if the chemicd energyaored m 
thetesttlowdwing&xkhealingheatingthetestgasisispartiallyrehrmed 
to the flow during the proceirsdunsted~e4?ansh. Meesunr- 
mentsofheattransferratestoailatplatedmomtmbtheMability 

rateJswith-catale$aar aMlmsth.usat lk~dlha 
Rowmodd. Author 

Jan. 1995 sponsored h 

a f t e s t f l o w f o r a e f o u l e ~ ~ a n d ~  * ofthese 

m)5.26053 Wright Lab., Wrigm-PattemOn AFB, OH. 
HEAT TRANSRR MEASUREMENTS IN SMALL SCALE 
WIND TUNNELS Flnal Report, 1 Nov. I983 - 1 Sep. WE7 

JAMES R. HAYES Jun. 1994 36 p Limited Reprodudbility: hbm 
than 20% of this document may be affected by microfiche q m M y  
(Contract(s)/Grant(s): AF PROJ. 2404) 

Technical Information Center (DTIC)) 
This report describes an effort at the Flight Dynamics Director- 

ate to use small scale models. miniature instrumentation and smaH 
in-howe hypersonic facilities to accomplish full configwational 
testing of vehiie concepts. The proiect induded developmei? of 
proceduresfor generating model geometlydata and transrrpttnrg 
that data to495th TW machine shops of model fabrication on NC 
machines.Ad&CUSShofproMempeculiarto~ofsmeHscale 
modetsiskrduded.Acompanson . ispresentsdofdatatakenlrnder 
thii effortwith similar data taken in large pmducbm . windtunnelson 
large scale models. OTIC 

(AD-AZ68689; WL-TR-94-3097) Avail: Issuing Activity (Defense 
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AgS-8038P National Aefmautks and Space Administration. 
langley Reswch Center. Hampton. VA. 
GUIDANCE AND CONTROL, 1993; ANNUAL ROCKY 
MOUNTAIN GUIDANCE AND CONTROL CONFERENCE, 
16TH, KEYSTONE, CO, FEB. 6-10,1993 
ROBERT D. CUW. editor cdorado Univ., Boulder, CO, US and 
GEORGE BICKLEY. d i i  Ball Aerospece Systems G W ,  Boul- 
der, CO, US San Diego, CA American Astronautical Society 
(AdvanmsintheAstronaubcal ' Sciences. Vd. el)  (ISSN 0065- 

PapenfrWntheSixteem annualAmerican- . s o -  
andcontrdconferencearep cietyRodry-- 

sented. The topics covered indude the fobwing: advances in 
g~,nevigatkn,andcontrol;controlsystemvldeoa;grridance, 
navigation and contrd embedded flight cartrol systems; recent 
e~nces;guidanceandcontrolstoryboarddisplays;andappti- 
cations of modem control. featuring the HubMe Space Tefescope 
(HST) pelformance enhancement study. For individual titles. see 
A95-8rnthrOughA!&m436. Hemer 

3438) 1993 63Op. 
(lSBN-O-E7703-365-X HTN-95.AO314) Copyrisht 

. .  

A95%0390 
APPLICATION OF F U a Y  LOGIC TO OPTlYlZE 
PLACEMENT OF AN ACQUISITION, TRACKING, AND 
POINTING EXPERIMENT 
JERRY BUKLEY TASC. "e, AL. US In Guidance and 
controi, 1993;ANual Rocky Mumtain Guidance and Control Corr 
ference. 16th Keystone. CO, Feb. 6-10, 1993. AS80369 San 
Oieg0,CA American- . society (Mvances in the 
Astronautical Sciences, Vd. 81) (ISSN Ooss-3438) 1993 p. 3-12 
copyrim 

The experiment is comprised of a 1 15.000 cubic meter helium 
balloon which l i i  a 2.900 kg A c q u i i .  Tracking and pointing 
(ATP) experiment package to an attitude of 26 Ian. The phlllips 
Laboratory High AHitude Batban Experiment (HABE) has been 
developed as a cost4fecth means of testing satellite ATP 
techrolooiea inanemrirwwnent dmilartospice. 
rage of the concept is the flexibility in placemcHlt and timing 
afforded a balkon over a satellite. This IlexWiityalkWs HABE to 
c m g a g e i a ~ ~ l a u n c h e d f r a n t h e d o m w t i c ~  
without requiring a dedicated or dosely eoordinaml launch time. 
The placement of HABE is optimized to maximize active track time. 
A routine was developed to raster scan the mathematical model of 

341 



10 ASTRONAUTICS 

a flight corridor while accumulating the intervals of continuous 
engagement that satisfy a list of ten rules. Although successful, 
this method is unable to place priorities or make trades based on 
the relative importance of the rules. The use of fuzzy logic in the 
form of approximate reasoning to evaluate the rules, while also 
considering goals, enables key qualitative considerations to be 
factored into the overall evaluation. This paper describes the appli- 
cation of fuzzy logic to data analysis and compares the results to 
conventional Boolean techniques. Author (Hemer) 

A9540409 
DESCRIBING AN AlTlTUDE 
D. 1. KOLVE Boeing Defense and Space Group, Seattle, WA, US In 
Guidance and control, 1993; Annual Rocky Mountain Guidance and 
Control Conference, 16th, Keystone, CO, Feb. 6-10, 1993. A95- 
80389 San Diego, CA American Astronautical Society (Advances 
inthe Astronautical Sciences, Vd. e l )  (ISSN 0065-3438) 1993 p. 

Copyright 
Describing the orientation of one coordinate system relative to 

another is a common requirement in the fields of navigation, guidance 
and contrd. The intent of this paper is to summarize the fundamental 
relationships between the most commonly used descriptors of attitude: 
direction cosine matrices, quaternions, and Euler angles. Most of the 
relations included here are well known, but described in amore compact 
form. Other transforms are new, such as a completely general and 
direct method for determining Euler angles from quaternions without 
using the direction cosine matrix as an intermediate step, and a simple 
interpretation and application of quaternion subtraction. Also included 
are general case least squares solutions to finding direction cosine 
matrices and quaternions, and the derivations and sololutions of their 
differential equations. Author (Herner) 

A9540427 
A NEW GUIDANCE AND FLIGHT CONTROL SYSTEM FOR 
THE DELTA 2 LAUNCH VEHICLE 
R. PORDON Allied Signal Aerospace, Teterboro, NJ. US, K. 
TOMPETRlNl Allied Signal Aerospace, Teterboro, NJ, US, S. 
WEINSTEIN Allied Signal Aerospace, Teterboro, NJ, US, and H. 
DHUYVETTER McDonnell Douglas Aerospace, Huntington Beach, 
CA, US In Guidance and control, 1993; Annual Rocky Mountain 
Guidance and Control Conference, 16th, Keystone, CO, Feb. 6-10, 
1993. A95-80389 San Diego, CA American Astronautical Society 
(Advances in the Astronautical Sciences, Vd. 81) (ISSN 0065- 
3438) 1993 p. 455 
Copyright 

Because redundancy potentially offers significant improve- 
ments in the probability for launch success, it has been one of the 
most sought after capabilities for launch vehicles. Avionic designs 
offering this capability have, to date, been largely prohibited due to 
cost, weight and development schedules. The Redundant Inertial 
Flight Control Assembly (RIFCA) is a system which offers a practical 
implementation of fault tolerant avionics through redundancy. The 
RlFCA program is completing the development phase and will lead 
to the production of flight hardware, which will start flying on the 
DELTA 2 in late 1994. This paper presents the redundancy concepts 
used in both the RlFCA and the vehlcle, describes the RlFCA 
hardware and its Integration with the software to provide a fail-op 
capability within the framework of a cost effective, weight effective 
system design. Author (revised by Hemer) 

A95-81093 
DYNAMICS AND CONTROL OF A TETHERED FLIGHT 
VEHICLE 
T. S. NO Auburn Unlv. Auburn, AL, Unlted States and J. E. 
COCHRAN, JR. Journal of Guidance, Control. and Dynamics (ISSN 
0731-5090) vol. 18. no. 1 January-February 1995 p. 66-72 refs 

Certain types of the problems of dynamics and control of 
maneuverable tethered flight vehicles are dealt with. The numeri- 
cally linearized equations of motion are used in a stability analysis 
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289-303 

(BTN-95-EIX95242670754) Copyright 

and to design control laws that may be used in station keeping and 
maneuvering of the vehicle. For motion in which deviations from the 
equilibrium states are small in magnitude and the maneuver of the 
vehicle is confined to a neighboring region, the use of a linear 
quadratic regulator (LQR) for the station keeping and a linear 
terminal controller for the maneuver is investigated. For the model 
and conditions used, it is shown that aerodynamic control may be 
used successfully for station keeping and maneuvering, and the 
aerodynamic control yields results comparable to those obtained by 
using reaction control. Author (El) 

A9541 360' National Aeronautics and Space Administration. 
Langley Research Center, Hampton, VA. 
LOAD ALLEVIATION MANEUVERS FOR A LAUNCH 
VEHICLE 
HANS SEYWALD Analytical Mechanics Associates, Inc., Hampton, 
VA, US and ROBERT R. BLESS Lockheed Engineering and Sci- 
ences Co., Hampton, VA, US h Spaceflight mechanics. 1993; 
AASIAIAA Spaceflight Mechanics Meeting, 3rd, Pasadena, CA, 
Feb. 22-24,1993, Parts 1 & 2. A9541344 San Diego, CA American 
Astronautical Society (Advances in the Astronautical Sciences, Vol. 

(Contract(s)lGrant(s): NAS1-18935; NAS1-19000) 
Copyright 

This paper addresses the design of a fomard-looking autopilot 
that is capable of employing a priori knowledge of wind gusts ahead 
of the flight path to reduce the bending loads experienced by a 
launch vehicle. The analysis presented in the present paper is only 
preliminary, employing a very simple vehicle dynamical model and 
restricting itself to wind gusts of the form of isolated spikes. The main 
result of the present study is that linear quadratic regulator (LQR) 
based feedback laws are inappropriate to handle splke-type wind 
perturbations with large amplitude and narrow base. The best 
performance is achieved with an interior-point penalty optimal 
control formulation which can be well approximated by a simple 
feedback control law. Reduction of the maximum bending loads by 
nearly 50% is demonstrated. Author (Hemer) 

A9541374 
IDEAL PROPORTIONAL NAVIGATION 
PINJAR YUAN Chung Shan Inst. of Science and Technology, 
Lungtan. Taiwan and JENG-SHING CHERN Chung Shan Inst. of 
Science and Technology, Lungtan, Taiwan In Spaceflight mechan- 
ics. 1993; AASIAIAA Spaceflight Mechanics Meeting, 3rd, Pasa- 
dena, CA, Feb. 22-24,1993, Parts 1 & 2. A95-81344 San Diego, CA 
American Astronautical Society (Advances in the Astronautical 
Sciences, Vol. 82, Pts. 1 & 2) (ISSN 0065-3438) 1993 p. 501-512 

Proportional navigation has been proved to be a useful guid- 
ance technique in several surface-to-air and air-to-air homing sys- 
tems for interception of airborne targets. Besides the familiar pure, 
true, and generalized proportional navigation guidance laws, a new 
guidance scheme, named ideal proportional navigation with com- 
manded acceleration applied in the direction normal to the relative 
velocity between Interceptor and target, is presented. In this study, 
the closed-form solutions of Ideal proportional navigation are com- 
pletely derived for maneuvering and non-maneuvering target and 
some important characteristics related to the system performance 
are introduced and investigated. Under this scheme, the capture 
criterion is related to the effective proportional navigation constant 
only, no matter what the initial condition and target maneuver are. 
With some more cost of energy consumption, this new guidance 
scheme has a larger capture area and is much more effective than 
~revious ones. Author (Herner) 

N95-256641 National Aerospace Lab., Tokyo (Japan). Aerody- 
namics Div. 
AERODYNAMIC CHARACTERISTICS OF THE ORBITAL 
REENTRY VEHICLE EXPERIMENTAL PROBE FINS IN A 
SUPERSONIC FLOW 
MlTSUNORl WATANABE, HIDE0 SEKINE. ATSUSHI TATE, and 

82, Pts. 1 & 2) (ISSN 0065-3438) 1993 p. 257-269 

Copyrim 
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JUNlCHl NODA Apr. 1994 18 p In JAPANESE 
(ISSN 0389410) 
(NAL-TR-1232) Avail: CAS1 HC A W F  A01 

The aerodynamic characteristics of probe fins with a sweep 
angle of 60 deg, w h i  are equipped on the Ofbi i  Reentry Experi- 
ment (OREX) vehicle to measure the sunounding ionized gas 
temperature and electran number density distributions in the high 
tempemre communication Mack out regions. have been mea- 
sured m the supersonic wind tunnel of the National Aerospace 
Laboratory and compared with those of the fins of 0 deg sweep 
angles. S i  the probes are to be embedded in the boundary layer 
wherethelocalMachnumberisiessthan2.5overtheOREXswface 
at a hypersonic Right speed, the aedynmic characteristics in 
supersonic regionsare needed toesbimate the roiling momentsof 
finscaused by the e m  ofthe installationangles. The liicoeffident 
slope ofthe probe fins decreases as the Mach number increases. 
being less than the values for the 0 deg sweep fins. The drag 
coefficient depends hishtyon the sweepangle ofthe fins in Mach 
number regions less than 2.5. Author 

11 
CHEMISTRY AND MATERIALS 

Includes chemistry and materials (general); #nnposite materiais; 
inorganic and physical chemistry; metallic materials; nonmetallic 
materials; and propellants and fuels. 

A95-78467 
THEORETICAL AND EXPERIMENTAL STUDIES OF 
FRETTING-INTnATED FAVGUE FAILURE OF AEROENGINE 
COMPRESSOR DISCS 
P. PAPANIKOS Univ of ToronPo, ToronPo, Ont, Canada and S. A. 
MEGUID Fatigue and hachrre of Engineering Materials & Struc- 
tures  (ISSN 8756-758X) vd. 17, no. 5 May 1994 p. 534550 refs 

A finite element anaiysis and fatigue crack growth studies are 
made of dovetail joints in aemengine compressor discs. Three 
aspects are exarrdned.thefirstdeats with the finite element stress 
analysis of the critical geometrical features and intmhce condWns 
of different dovetail configuratiorrs * , thus enabling an assessment to 
be made of the critically loaded regions m thedisc. Thesecond deals 
with the p r e d i i n  of the dimdon of potential fatigue cracks, which 
were allowed to initiate in the finite element model at the regions 
where fretting damage is most likely to accur, using an imemental 
crack tracking criterion. The third is concerned with the vedficath 
of the above modelling techniques with fatigue tests on a uniaxial 
back-to-back arrangement, w h i i  attempts to simulate the stress 
fields of a rotating disc. Author (El) 

N95-24220*# Wtginia W., Charlottesville. VA. Dept of Materi- 
als Science and Engineering. 

STRUCTURES TECHNOLOGY PROGRAM (LA2ST) 
Progress Report, 1 Jut. - 31 Doc. 1994 
EDGAR A. STARKE. JR., RICHARD P. GANGLOFF. CARL T. 
HERAKOVICH, JOHN R. SCUILY, GARY J. SHIFLET. GLENN E. 
STONER, and JOHN A. WERT Mar. 1995 209 p 

(BTN-94-EIX94421372285) Copyrisht 

NASA-UVA MGHT AEROSPACE ALLOY AND 

(contred(S)/oMt(S): NAG1-745) 
(NASA-CR-198041; NAS 126196041; UVA/5282sslMSEWll7) 
Avail: CAS1 HC AlO/MF A03 

fhe NASA-Wa LigMAerospace Aiiqend StNChrresTM- 
ogy(lAZST)Rogramwasinitiatedin1986andcartinueswithah$h 
bWotaCtivity. Plqectsam beingctmdmedby~shdents  
andfacunyadvisMsintheDeparbnentd-Sdenceand 
Engineering, as weti as in the f3wammt d CMI Enskreerins and 
Applied Mechania, at the University of Wrgirria Henr. we report on 
progress achieved between July 1 and December 31.1994. The 
objective of the WST program is !o conduct interdisciplinary 
graduate student research on the performance of next generation, 

light-weight aerospace alloys, composites and thermal gradient 
structures in collaboration with NASA-Langley researchers. SpedfiC 
technical objectives are presented for each research p@&. We 
generally aim to produce relevant data and basic underrtanding of 
material mechanical response, envimmentai/corrosion behavior, 
and microstnrcture; new monolithic and compwite alloys; advanced 
processing methods; new soli and fluid mechaMcs . anatyses; 
measurement and modeling advances; and a poor of educated 
graduate students for aerospace technologies. Author 

N95-24678Y Vi in ia  Univ. Hospital. Charlottesville. VA. School 
of Engineering and Applied Science. 
NASA-UVA LIGHT AEROSPACE ALLOY AND STRUCTURES 
TECHNOLOGY PROGRAM SUPPLEMENT: ALUMINUM- 
BASED MATERIALS FOR HIGH SPEED AIRCRAFT 
Semiannual Report, 1 Jul. - 31 Dec. 1992 
E. A. STARKE. JR.. ed. Feb. 1995 383 p 

(NASA-CR-4645; NAS 126:4645) Avail: CAS1 HC A17MF A03 
This repoft on the NASA-UVa tight aerospace alloy and stnrc- 

~ ~ t e c h n o l o g y p r o g ~ ~  . Alumintm%ased MaterWs 
*High speed Aircratt cove rsthe period from July 1.1992. The 

m the HSCf envimnment for periods as bng as 6O.OOO hours 
(certification for 12O.OOO hwrs)and. atthe same-, meet the cost 

indushybasellneSfoarsoniiiflightat Mach2.4. The reseetch CoVBcb 

(cOntract(~yOrant(~): NAG1-745; RTW 537-06-20-06) 

objective ofthe research is to develop aluminum alloys and alunti- 
nUnmatr iXcanpogtes  * tortheeimamewhichc%neffidenllyperform 

and weight requirements for an ecmmcai * i y ~ a i ~ . ~  

fwrmeprlnaterwsyStems: (1) l~metalhngy2xxx. 6xXx. and 
8xXx aaoys, (2) f%wder metatlurgy wxx alloys, (3) Rapidly solidi- 
fied, dispersion strengthened AI-Fe-X alloys. and (4) Discontkru- 
Ous lydmeta ima t r i x -  ' .Therearetenmajortasks 
intheprogramwhichalsoindudeevakrafionandtredeoffstudiesby 
Boemg and Douglas aircraft lxmpa&s. Author 

N95-249091! Nalbnal Aerospace Lab., Tokyo (Japan). Airframe 
Dv. 
STUDY ON TENSILE FATIGUE TESTING METHOD OF 
UNlDlRECTIONAL FtBER-RESIN MATRIX COMPOSITES 
YOSHIO NOGUCHI Jul. 1994 13 p In JAPANESE 
(ISSN 0384401 0) 
(NAL-TR-1241) Avail: CAS1 HC AO-F A01 

The aim ofthe versailtes Project on advanced materialsand 
standards (VAMAS) program is to evalua!e the mechenical proper- 
ties of ahranced materials. in this study. as part ofthe polvmer 
compo&s. the fiw phase ofthis round robin test was caw wt 
to examine the tewion-tension fatigue properties of unidirectional 
GFRP and CFRP. Fatigue tests were undertaken in a sinusoidai 
la%- testing made, with a load ratio of 0.1. In the cased 
CFRP tests, the comparison dcddsetbng . epoxyresinandcuring 
epoxyresinfiknastheendtabadhesiw,wasmade.ItwasfolKldthat 
thefatigrestrengthdifferedlargetybetweenthetwotypesofteb 
adhesive. In another shnly, the effects ofthe endtab 

unidirectional CFRP specimen were examined. As for the tab 
cwrfiguratian, 10 degtapered and untapered endtab spechem 
were prwided. On the testing frequency, fatigue tests were con- 
ducted with 2,5 and 10Hz. The difference of fatigue strength under 
these testing conditions was found to be small in the present study. 

Author 

N95-260CW LockhedEnvirwnrentalSystemsandT~ 

PARTS WASHING ALTERNATIVES STUDY: UNITED 
STATES COAST GUARD. PROJECT SUMMARY AND 
REPORT 
BRAD MONTGOMERY Jan. 1995 80 p 
(contract(~)/Grant(~): EPA-68-Ce0020) 
(PB95-166146; EPA1600/R-95/006) 

of the spedmen and the testing flxxwmy of faii&zzZz 

co.. Las V w .  MI. 

Avail: CAS1 HC Ao51MF A01 
The report has been written to assist the United States Coast 
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Guard (USCG) industrial managers in determining the most cost 
effective and environmentally acceptable parts washing alternatives 
for their specific applications. An evaluation was conducted on four 
different cleaners from three different USCG facilities. The following 
parts cleaners were evaluated: Bio seven, Penatone 724, Safety- 
Kleen 105, and Brulin 815GD. All four cleaners are effective clean- 
ers for the specific applications described in this evaluation. The 
evaluation included the categories of process description; environ- 
mental, safety and health impacts; cost analysis; and the material 
and emission reduction opportunities. NTlS 

N95-26119'# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, OH. 
THERMAL BARRIER COATING WORKSHOP Abstracts 
W. J. BRINDLEY, comp., W. Y. LEE, comp. (Oak Ridge National 
Lab., TN.), J. G. GOEDJEN, comp., and S. J. DAPKUNAS, comp. 
(National Inst. of Standards and Technology, Gaithersburg, MD.) 
Mar. 1995 31 p Workshop held in Westlake, OH, 27-29 Mar. 1995; 
cosponsored by NASA, DOE, and NIST 
(Contract(s)/Grant(s): RTOP 505-63-52) 
(NASA-CP-10170; E-9509 NAS 1.55:10170) Avail: CAS1 HC A03/ 
MF A01 

This document contains the agenda and presentation abstracts 
for the Thermal Barrier Coating Workshop, sponsored by NASA, 
DOE, and NIST. The workshop covered thermal barrier coating 
(TBC) issues related to applications, processing, properties, and 
modeling. The intent of the workshop was to highlight the state of 
knowledge on TBC's and to identify critical gaps in knowledge that 
may hinder TBC use in advanced applications. The workshop goals 
were achieved through presentations by 22 speakers representing 
industry, academia, and government as well as through extensive 
discussion periods. For individual titles, see N95-26120 through 
N95-26140. 

N95-26120'# Pratt and Whitney Aircraft, West Palm Beach, FL.. 
A DESIGN PERSPECTIVE ON THERMAL BARRIER 
COATINGS Abstract Only 
F. 0. SOECHTING In NASA. Lewis Research Center, Thermal 
Barrier Coating Workshop p 3 
Avail: CAS1 HC AOl/MF A01 

This technical paper addresses the challenges for maximizing 
the benefit of thermal barrier coatings for turbine engine applica- 
tions. The perspective is from a customer's viewpoint, a turbine 
airfoil designer, who is continuously challenged to increase the 
turbine inlet temperature capability for new products while maintain- 
ing cooling flow levels or even reducing them. This is a fundamental 
requirement to achieve increased engine thrust levels. Developing 
advanced material systems for the turbine flowpath airfoils is one 
approach to solve this challenge, for example, high temperature 
nickel based superalloys or thermal barrier coatings to insulate the 
metal airfoil from the hot flowpath environment. The second ap- 
proach is to increase the cooling performance of the turbine airfoil, 
which enables increased flowpath temperatures and reduced cool- 
ing flow levels. Thermal barrier coatings have been employed in jet 
engine applications for almost 30 years. The initial application was 
on augmenter lines to provide thermal protection during afterburner 
operation. However, the production use of thermal barrier coating in 
the turbine section has Only occurred in the past 15 years. The 
application was limited to stationary parts, and only recentiy incor- 
porated on the rotating turbine blades. This lack of endorsement of 
thermal barrier coatings resulted from the poor initial durability of 
these coatings in high heat lux environments. Significant improve- 
ments have been made to enhance spallation resistance and 
erosion resistance which has resulted in increased reliability of 
these coatings in turbine applications. Author 

N95-26121 'I National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, OH. 
THERMAL BARRIER COATINGS FOR AIRCRAFT ENGINES: 
HISTORY AND DIRECTIONS Abstract Only 
R. A. MILLER In its Thermal Barrier Coating Workshop p 5 Mar. 

Mar. 1995 

1995 
Avail: CAS1 HC AOl/MF A01 

Thin thermal barrier coatings for protecting aircraft turbine 
section airfoils are examined. The discussion focuses On those 
advances that led first to their use for component life extension and 
more recently as an integral part of airfoil design. It is noted that 
development has been driven by laboratory rig and furnace testing 
corroborated by engine testing and engine field experience. The 
technology has also been supported by performance modeling to 
demonstrate benefits and life modeling for mission analysis. Factors 
which have led to the selection of the current state-of-the-art plasma 
sprayed and physical vapor deposited zirconia-yttria/MCrAIY TBC's 
is emphasized in addition to observations fundamentally related to 
their behavior. Current directions in research into thermal barrier 
coatings and recent progress at NASA is also noted. Author 

N95-26122'1 Department of Energy, Washington, DC. office of 
Industrial Technologies. 
THERMAL BARRIER COATINGS ISSUES IN ADVANCED 
LAND-BASED GAS TURBINES Abstract Only 
W. P. PARKS, W. Y. LEE (Oak Ridge National Lab., TN.), and I. G. 
WRIGHT (Oak Ridge National Lab., TN.) InNASA. Lewis Research 
Center, Thermal Barrier Coating Workshop p 7 Mar. 1995 
Avail: CAS1 HC AOlmAF A01 

The Department of Energy's Advanced Turbine System (ATS) 
program is aimed at forecasting the development of a new genera- 
tion of land-based gas turbine systems with overall efficiencies 
significantly beyond those of current State-of-the-art machines, as 
well as greatly increased times between inspection and refurbish- 
ment, improved environmental impact, and decreased cost. The 
proposed duty cycle of ATS turbines will require the use of different 
criteria in the design of the materials for the critical hot gas path 
components. In particular, thermal barrier coatings will be an essen- 
tial feature of the hot gas path components in these machines. While 
such coatings are routinely used in high-performance aircraft en- 
gines and are becoming established in land-based turbines, the 
requirements of the ATS turbine application are sufficiently different 
that significant improvements in thermal barrier coating technology 
will be necessary. In particular, it appears that thermal barrier 
coatings will have to function on all airfoil sections of the first stage 
vanes and blades to provide the significant temperature reduction 
required. In contrast, such coatings applied to the blades and 
vances of advanced aircraft engines are intended primarily to reduce 
air cooling requirements and extend component lifetime; failure of 
those coatings can be tolerated without jeopardizing mechanical or 
conosion performance. A major difference is that in ATS turbines 
these components will be totally reliant on thermal barrier coatings 
which will, therefore, need to be highly reliable even over the leading 
edges of first stage blades. Obviously, the ATS program provides a 
very challenging opportunity for TBC's, and involves some signifi- 
cant opportunities to extend this technology. Author 

N95-26123.1 
Gaithersburg, MD. 
MEASUREMENT METHODS AND STANDARDS FOR 
PROCESSING AND APPLICATION OF THERMAL BARRIER 
COATINGS Abstract Only 
S. J. DAPKUNAS In NASA. Lewis Research Center, Thermal 
Barrier Coating Workshop p 9 Mar. 1995 
Avail: CAS1 HC AOllMF A01 

Applition of thermal barrier coatings deposited by thermal 
spray, physical vapor and possibly other methods is expected to be 
extended from aircraft gas turbines to Industrial and utility gas 
tutbines as well as diesel engines. This increased usage implies the 
participation of greater numbers of processors and users, making 
the availability of standards for process control and property mea- 
surement more important. Available standards for Processing and 
evaluation of thermal barrier coatings are identified as well as those 
needed in the future but currently unavailable. Author 

National Inst. of Standards and Technology, 
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N%-26124'# Department of Energy, Washington, DC. Office of 
Transportation Techndogies. 
THERMAL BARRIER COATINGS APPLICATION IN DIESEL 
ENGINES Ab8tnct Only 
J. W. FAIRBANKS 
Barrier Coating Workshop p 11 
Avail: CAS1 HC AOllMF A01 

Commercial use ofthennal barrier coatings in *sed engines 
began in the mid 70's by Dr,. lngard K v e m s  at the Central Institute 
for Industrial Research in Oslo, Norway. Dr. K v e m e s  attributed 
attack ondiesel engine valvesand piston crormsencounteredin 
marine diesel engines in Nwwegian Strips as hotconoaion ettrlb- 
utedto areduced qoality of resiihrafuefuel. His solution waslo coat 
these componentsto mduw metal temperature below the thresh- 
okl of aggressive hot-conosion and also to provide protection. The 
Deparbnent of Energy has supported thermal barrier Coating 
development for diesel engine applications. In the Clean Diesel - 
50 Percent Efficient (CD-50) engine for the year 2OO0, thermal 
barrier coatings will be used on piston  crown^ and possibly other 
components. The primary purpose of the thermal barrier coatings 
will be to reduce thermal fatigue as the engine peak cylinder 
pressure will nearly be doubled. As the coatings re" in higher 
available energy m the exhaust gas, efficiency gains am achieved 
through use of this energy by turbochargers, tu-i or 
!hermoelectric generators. Author 

NS-261W'# Pmtt and Aircraft, East Hartford, CT. 
THERMAL BARRIER COATING EXPERIENCE IN THE GAS 
TURBINE ENGINE Abstmct Only 
s. BOSE end J. DEWI-MARCIN 
Center. Thermal Barrier cogting Workshop p 13 
Avail: CAS1 HC AOllMF A01 

Them Barrier Coahps (TBC). provide thermal insulation 
and oxidation resistance in adronmentansisting of hat com 
bustion gases. TBC's consist of a two tayer system. The outer 
ceramic layer provides good thermal insullmon . ~ t o t h e b w  
thermal conductivity ofthe cleramic coatings used,whMthe hner 
metallic bond coat layer provides needed oxidatkm rebistance tothe 
underlying superalloy. Ratt 1 whitney has over a decade of expe- 
rience with several generations of TBC systems on hnbine airfoils. 
This paper will focus on the latest TBC field experience along with 
a proposed durability model. Author 

N95-26126'1 General Electric Co.. Cincinnati, OH. Aircraft 
Engines. 
PVD TBC EXPERIENCE ON GE AIRCRAFT ENGINES 
Abstract Only 
A. BARTZ, A. MARIOCCHI. and D. J. WORTMAN InNASA. Lewis 
Research Center, Thermal Banier Coating Workshop p 15 Mar. 
1995 
Avail: CAS1 HC AOl/MF A01 

In NASA. Lewis Research Center, Thermal 
Mar. 1995 

h NASA. L M  Research 
Mar. 1995 

Thehigherperfwmana,~ofrodemgesllrrbine~ 
present sQMcant chalhgas in the reliabiiityof materiats m the 
turbine. The hmased enginetsmperaturesreqcliredtoaehievethe 
higher pe- levels reduce the strength ofthe matews used 
in the turbii secbions of the engine. Various of Thermal 
BanierCoabings(TBC's)havebeenusedformanyyearstoincrease 
the reliability of gas turbine engine components. Recent experience 

material has (kmmmed success m extending the serwce Me of 
turbine blades and nozzles. Engine test results of turbine canpo- 
nenOr with a 125 micrwneter (0.00s in) PVDTBC have dmomtmd 
component operating tempereanes of !i6-63 C (100-150 F) kwer 
than~axnponenFB.Enginetestinghasalsonwededthe 
TBC is -Me to high angle partide impact damage. send 
~andotherenginedebrisknpadtheTBCsuIfaceatlhe 
leading edge of airfoils and fracture gre PVD cokmns. As the 
knpacting continuestheTBCerodesawayinbcaJamfm.~ 
ofthe eroded areas has shown aslight increase in temperature over 
a MY coated area, however, a significant temperature reduction 

M i z e d  O W  airfoil withwtqT6c. Author 

with the physical vapor Deposition (WD) process W w p m l i c  

N95-26128Y Solar Tufbines. Inc. San Diego. CA. 
PERSPECTIVE ON THERMAL BARRIER COATINGS FOR 
INDUSTRIAL GAS TURBINE APPLICATIONS Ab8W.a Only 
Z. Z. MUTASIM. L. L. HSU, and W. D. BRENTNALL In NASA. Lewis 
Research Center, Thermal Barrier Coating Workshop p 19 Mar. 
1 995 
Avail: CAS1 HC AOlMF A01 

Thermal Banier coatings (TBC's) have been used in high thrust 
aimaft engines formany years. end haveprrnredtobeveqeffective 
in atlowing higherturbine inlettmperatures. TBC life requirementsfor 
a i m a f t e n g i n e s a m t y p i c a H y ~ ~ t h o s e r e q u i r e d m ~ g a s  
tuIbms. The use of TBc'sfor indusaial gas hnbinescan inaease if 
durabilityandbngerservice*cenbe~demorrstrated. 
ThispaperwiudesaibearrrentandMweappLcabons . ofTBcsin 
industrialgasturbineengines.EattytestktgarKiap@iidlBC's 
will atso be reviewed. This paper toclses on the key factom that am 
expectedtoinfluena,utiliofTBC'sinadvancedindustrialgas 
hnbine engines. It is anwpawd that relw, durable and high 
effective coating sy5tms will be producedthatwill umnately knprove 
engineefficiencyandpertonnanccr. Author 

N95-26l31Y Ratt and whitney Aim, West pakn Beach, FL. 
JET ENGINE APPUCATlONS FOR MATERIALS WITH 
NANOMETER-SCALE DIMENSlONS Abstract Only 
J. W. APPLEBY, JR. h, NASA. Lewis Reswrch Center. Thermal 
Barrier Coating Workshop p 27 Mar. 1995 
Avail: CAS1 HC AOl/MF A01 

The perfwmance ofadvanmd rnititaryandcomnereial gas 
bnbineengines is often liedtoadvences in materials . -- 
H@ pmfomms gas turbine engines b e i i  developed require 
majormaterialadvancesinstmngih, aoughness. reduced- 
andimproved~ospabi t i ty .Theemergingtechndooyof  

meterials has 81Knmous potmw forprodudng 
materialswithsignificentimpmwnentsintheseproperties.Extraor- 
dinary properties demawtreted in the labMatory indude material 
strengthswPro=hing- .  ceramics st hat demonstrate 
ductility and targhness, and material wilh uttrahigh hardness. 
Nanostnrcturedmaterialsandcogtingahavethepotentialformeet- 
ing future gas turbine engine requirements for knproved perfor- 
mance, reducedweigtltand lowerfuel colxm@m . Author 

N95-26133't Oak R i  National Lab., TN. 
THERMAL CONDUCTIVITY OF ZIRCONIA THERMAL 
BARRIER COATINGS A m c l  Only 
R. 8. DINWIDDIE, S. C. BEECHER, 8. A. NAGAW (General 
Electric Co., C i ,  OH.), and C. S. MOORE (General Uecbic 
Co.. Cincinnati. OH.) In NASA. Lewis Research Center, Thermal 
Barrier Coating Workshop p 31 
Avail: CAS1 HC AOlMF A01 

Thermal barriercoatings (TBC's)applitothehotga~coiqm- 

-reliability.undenrtandingthe- whidlconbol 
thethermaltransportbehavioroftheTBC'sisdprbnaryimportance. 

(WD) and @asma spreykrg (PS) are the m w w -  
tworostawnmonlyusedcoating~.Thesetechrriques 
produce coatings with unique microstrucht reswhichcontrdtheir 
performance and stability. The PS coatings were eppli with either 
standard power or hdlaw sphere partides. The holkw sphere 
parWes yielded a kwerdensityand m e r  thermal CondClctMty 
COating.Thethe~conductivityofbathfUilyandpartiallystabiiied 
zirconia. before and after thermal aging, will be axnpared. The 
thermal COndllcBhnty . d t h e ~ ~ i n x e e s e u p o l l  
beingeposedtohightenperatufes.Theseinereesesen,~ 
to- changes within h axaings. Shtedng ofthe as 
fabricated plasma sprayed Lametler StNChrre is absenred by scam 
~ e l e c t r a \ ~ o f c o r d i n g s ~ h e a t ~ a i  
temperahnes greater than 1100 C. During this sinterkrg p~oawsthe 
planar porosity between lamella is converted to a series of small 
spherical pores. The change in pore morphology is the primary 
reason for the observed increase in thermal amk&wty . *  .This 
increese in thenna lconduct iv i tycanbe~us inga~  

Mar. 1995 

MHlts of turbine emgines lead to enhanced "I effidetlcy and 

. .  

. .  
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which depends on both the temperature and time of exposure. 
Although the PVD coatings are less susceptible to thermal aging 
effects, preliminary results suggest that they have a higher thermal 
conductivity than PS coatings, both before and after thermal aging. 
The increases in thermal conductivity due to thermal aging for 
partially stabilized plasma sprayed zirconia have been found to be 
less than for fully stabilized plasma sprayed zirconia coatings. The 
high temperature thermal diffusivity data indicates that if these 
coatings reach a temperature above 11 00 C during operation, they 
will begin to lose their effectiveness as athermal barrier. Author 

N95-26138'# Purdue Univ., West Lafayette, IN. 
THERMAL FRACTURE MECHANISMS IN CERAMIC 
THERMAL BARRIER COATINGS Abstract Only 
K. KOKINI, 8. D. CHOULES, and Y. R. TAKEUCHI InNASA. Lewis 
Research Center, Thermal Barrier Coating Workshop p 41 Mar. 
1995 
Avail: CAS1 HC AOlIMF A01 

Ceramic thermal barrier coatings represent an attractive method 
of increasing the high temperature limits for systems such as diesel 
engines, gas turbines and aircraft engines. However, the dissimilari- 
ties between ceramics and metal, as well as the severe temperature 
gradients applied in such systems, cause thermal stresses which 
can lead to cracking and ultimately spalling of the coating. This paper 
reviews the research which considers initiation of surface cracks, 
interfacial edge cracks and the effect of a transient thermal load on 
interface cracks. The results of controlled experiments together with 
analybcal models are presented. The implications of these findings 
to the differences between diesel engines and gas turbines are 
discussed. The importance of such work for determining the proper 
design criteria for thermal barrier coatings is underlined. Author 

N95-26140'# Pratt and Whitney Aircraft, East Hartford, CT. 
THERMAL BARRIER COATING LIFE MODELING IN 
AIRCRAFT GAS TURBINE ENGINES Abstract Only 
D. M. NISSLEY In NASA. Lewis Research Center, Thermal Barrier 
Coating Workshop p 45 
Avail: CAS1 HC AOlIMF A01 

Analybcal models useful for predicting ceramic thermal barrier 
coating (TBC) spalling life in aircraft gas turbine engines are pre- 
sented. Electron beam-physical vapor deposited (EB-PVD) and 
plasma sprayed TBC systems are discussed. TBC spalling was 
attributed to a combination of mechanisms such as metal oxidation 
at the ceramic-metal interface, ceramic-metal interface stress con- 
centrations at free surfaces due to dissimilar materials, ceramic- 
metal interface stresses caused by local radius of curvature and 
interface roughness, material properties and mechanical behavior, 
transient temperature gradients across the ceramic layer and com- 
ponent design features. TBC spalling life analytical models were 
developed based on observations of TBC failure modes and plau- 
sible failure theories. TBC failure was assumed to occur when the 
imposed stresses exceeded the material strength (at or near the 
ceramic-metal interface). TBC failure knowledge gaps caused by 
lack of experimental evidence and analytical understanding are 
noted. The analytical models are considered initial engineering 
approaches that capture observed TBC failure trends. Author 

Mar. 1995 

N95-26251 ' I t  
Langley Research Center, Hampton, VA. 

STIFFENED PANEL CONCEPT FOR AIRCRAFT PRIMARY 
STRUCTURAL APPLICATIONS 
DAMODAR R. AMBUR JM. 1995 21 p Presented at the Third 
Advanced Composites Technology Conference, Jun. 1992 
(Contract(s)/Grant(s): RTOP 505-63-50-08) 
(NASA-TM-109175; NAS 1.15:109175) Avail: CAS1 HC AOWF 
A0 1 

A structurally efficient hat-stiffened panel concept that utilizes 
a structural foam as stiffener core has been designed for aircraft 

346 

National Aeronautics and Space Administration. 

DESIGN AND EVALUATION OF A FOAM-FILLED HAT- 

primary structural applications. This stiffener concept utilizes a 
manufacturing process that can be adapted readily to grid-stiffened 
structural configurations which possess inherent damage tolerance 
characteristics due to their multiplicity of load paths. The foam-filled 
hat-stiffener concept in a prismatically stiffened panel configuration 
is more efficient than most other stiffened panel configurations in a 
load range that is typical for both fuselage and wing structures. The 
prismatically stiffened panel concept investigated here has been 
designed using AS4/3502 preimpregnated tape and Rohacell foam 
core and evaluated for its buckling and postbuckling behavior with 
and without low-speed impact damage. The results from single- 
stiffener and multi-stiffener specimens suggest that this structural 
concept responds to loading as anticipated and has good damage 
tolerance characteristics. Author 
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Includes engineering (general); communications; electronics and 
electrical engineering: fluid mechanics and heat transfer; instrumen- 
tation and photography; lasers and masers; mechanical engineer- 
ing; quality assurance and reliability; and structural mechanics. 

AS77379 
MODAL CHARACTERISTICS OF ROTORS USING A 
CONICAL SHAFT FINITE ELEMENT 
M. A. MOHlUDDlN King Fahd Univ of Petroleum 8 Minerals, 
Dhahran, Saudi Arabia and Y. A. KHULIEF Computer Methods in 
Applied Mechanics and Engineering (ISSN 0045-7825) vol. 11 5, 
no. 1-2 May 1994 p. 125-144 refs 

A finite element formulation for a rotor-bearing system is 
presented. The equations of coupled bending and torsional motion 
of the rotating shaft are derived using the Lagrangian approach. A 
conical beam finite element for vibration analysis of rotating shafts 
including shear deformations and rotary Inertia Is derived. The finite 
beam element has ten degrees of freedom and accounts for linear 
tapering. Explicit expressions for the element mass, stiffness, and 
gyroscopic matrices are derived using consistent mass formulation. 
The finite element discretization is employed, the generalized eigen- 
value problem is defined, and numerical solutions are obtained for 
a wide range of whirl ratios. spin speeds, and taper ratios. Compari- 
sons are made wherever possible with exact solutions, and with 
other numerical results available in the literature. Extended numeri- 
cal results are produced for a wider range of parameters for which 
solutions were not previously attempted. Author (El) 

(BTN-94-EIX94401359745) Copyright 

A%-77921' 
Langley Research Center, Hampton, VA. 
VISCOPLASTIC RESPONSE OF STRUCTURES FOR 
INTENSE LOCAL HEATING 
EARL A. THORNTON University of Virginia, Charlottesville, VA, US 
and J. D. KOLENSKI University of Virginia, Charlottesvilie, VA, US 
Journal of Aerospace Engineering (ISSN 0893-1321) vol. 7, no. 1 
January 1994 p. 50-71 Research sponsored by NASA Langley 

A thermoviscoplastic finite element method employing the 
Bodner-Partom constiMve model is used to investigate the re- 
sponse of simplified thermal-structural models to Intense local 
heating. The computational method formulates the problem In rate 
and advances the solution in time by numerical Integration. me 
thermoviscoplastic response of simplified structures with prescribed 
temperatures is investigated. With rapid rises of temperature, the 
nickel alloy structures display initially higher yield stresses due to 
strain rate effects. As temperatures approach elevated values, yield 
stress and stiffness degrade rapidly and pronounced plastic defor- 
mation occurs. Author (Hemer) 

National Aeronautics and Space Administration. 

(HTN-95-41540) Copyright 
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AS78494 
IMPINGEMENT COOUNG OF AN ISOTHERMALLY HEATED 
SURFACE WITH A CONFINED SLOT J R  
Y. J. CHOU Natl Tsing Hua Univ. Hsinchu, Taiwan, Province of 
China and Y. H. HUNG Journal of Heat Transfer, Transactions 
A W E  (ISSN 0022-1481) vol. 116. no. 2 May 1994 p. 479-482 
refs 
(BTN-9eEIX94421348950) cowr$m 

Theobjectivesofthiistudyindude: (1)toexplomtheefieck 
of jet Reynolds number; (2) ratio of separation distance to jet width 
and jet exit-velocity profile on sbgmtbn and local heat translec 
characteristics inamfinedslot-jet k n p i ~ p r 0 b l e m s ; a n d  (3)to 
Propose~w~conelatKwrs ' f a r p r e d i c t i n s ~ a n d ~ h e a t  
transfer characteristics. El 

AQS-76576 
DYNAMIC IMAGING AND RCS MEASUREMENTS OF 
AIRCRAFT 
AWL JAlN Hughes Aircraft Co, Lw AypkS,  CA united and 
INDU PATEL IEEE Transacbons . onAerospaceanduectronic 
Systems ( I S N  0016-9251) vd. 31. no. 1 January 1995 P. 211- 
226refs  
(BTN-SS-EIXS5202637S82) 

Resultson radar aDgs scion (Res) - and in- 
verse syniheb;capertum radarinregesdaMooney231 ah&t,using 
a gmmd-to-air meesurement system (GTAMS) and a KG135 air- 
plane using an airborne redar am presmed. The Mooney231 flew in 
acontrolledpathinbothciadwse . and- . -,and 
~ w i t h t h e g e a r d a m , B a p s i n t h e ~ p o s i t i o n a n d w i u l  
the speedbrekes rp. Thedateindioetesthat Rcspaltemmeawre- 
menSfranbQit l~edrdrbOmeradaroff fyingairaaftare 

oMainedarevakraMefor~diagnosbcs.  - (El) 
useful and that theinVen#, syeetic.apeftly radar (ISAR) images 

A S =  
STRUCTURE OF A DOUBLE-FIN TURBULENT 
INTERACTION AT HIGH SPEED 
DATTA GAITONDE Wright Lab, Wright-Patterson Air Force Ease, 
OH, United states. J. S. SHANG. and MIGUEL VlSBAL AlAA 
~wmaijiSSNiMO1-1452) vd.33,no.2 Febnrary1995p. 193-200 
refs 

This study eranrinesthe interection of a Mach 83 tuftmdent 
boundary layer with intersecbng oblique shock waves generated by 
15-deg sharp fins mowed crynnneprically on aflat plate. The MI 
three-dimensional mass-avemged compressible Navier-Stokes 
equations are solved wilh a h$h-resokrtion knplicit finite-vdume 
scheme. Tu~txdence dogure is achieved with veriatiars ofthe 
Baldwin-Lomax algebraic model. Excellent egreement with experi- 
mental data is observed kr plate surface prescwre. However, 
accurate heat transferratmare obtainedarlymarthe plene of 
symmetly.somequanm&e d8taikaredapendmonttmmrrmer 
inwhichthebabulencemodelisimplemented .wTwnulislimitabion, 
t h e o V e r a l l ~ m e S n ~ ~ f B r w n a l n s ~ a n d m e s h  
independentmdcompareswetl withaveilawe field wnveys.The 
incaninght~~Iayerseparrrtesabngtheatbkespan*rise 
widthanddoesnotreatEechinthedOmainofcc!mpmm ' .Beneath 
the separated boundarylayer are a vatex interaction wilh anoff- 
surtacestagnaiion point,acentedineiaq@dml . vol&zqendan 
entrainment fiow ociginaaing fran the essenmy hnrisdd stream 
nearthefinleedingedge. - (El) 

A9560044 
EXPERIMENTAL INVESTlGAnON OF THE FLOW AROUND 
A CIRCULAR CYLINDER: INFLUENCE OF ASPECT RATIO 
C. NORBERG Chahnem LMVdTedmobgy. ooabborg. Sweden 
JoumalofflUMMecheMcs ' (IsSNOW2-1120) vd.258 hUary10 
1994 p.287-316 
(BTN-9dEIX9501IUI 120) 

Theinvesbigationisconcgntratedontwoimportantquantities - 
the Strouhal nunber and the meenbasesucbjoncaeffident, both 

(BTN-95-EIXs52226SO~) CopyrisM 

measured at the mid-span position. Reynolds numbers from about 
50 to 4 x 1 O(exp 4) were investigated. Different aspect ratios, at knu 
blockage ratios, were achieved by varying the distance betmren 
circular end plates (end plate diameter ratios between 10 and 30). It 
was not possible. by using these end plates in uniform Row and at 
very large aspect ratios, to produce parallel shedding all owr  the 
laminar shedding regime. However, parallel shedding at around mid- 
span was obsewedthroughoutthiis regime in cases when there was 
aslight but symmePricaI increase in the free-streamvelocQtarvards 
both ends ofthe c y l i i .  At higher Re. the resultsat different aspect 
ratiwwere compared withthoseofa'puasCinfinite c y l i i  andlhe 
requiredaspectratiotoreachconditionsindependentofthisparam- 
eter, within the expwimmW uncertainbies. are given. For instance, 
aspect ratios a~ large BS UD=60-70 W B T ~  needed inthe r a n ~ e  % 
appmxhnately = 4 x lO(exp 3)-10(exp 4). With the smallest relative 
end plate diameter and for aspect ratios smaller- 7, a bidtaMe 
now witchkg between regular vortex shedding and 'irregular Raw' 
W a S f o r o n d l i h y n O k l S - ~ h t h e -  
regime (Re appmximately = 2 x lO(exp 3)). (El) 

A95-111012 
FLOW DUE TO AN OSCILUTING SPHERE AND AN 
EXPRESSION FOR UNSTEADY DRAG ON THE SPHERE AT 
FINITE REYNOLDS NUMBER 
RENWEl ME1 LhrivofFkrid& Gainesville, FL, united States Journal 

133-174 refs 
of fluid Mecharvcs . (ISSN 0022-1120) vd. 270 July 10 lSSa p. 

(BTN-96ElX95011441142) 
Urste&yliorrdueloanosci%rtingspherswithavelocityU(sllb 

Reynolds number. Themethods d a r e :  (1) Fourier mode expak 

0 )  COS anegar. in wtrich u ( u  0)  and omega arethe e m p l i i  and 
frequencyoftheosdllation end r is time. is in- a t w e  

sion in the frequency domain; (2) atime-dependent finitedifference 
teclmiiinthetimedomain;and(3)amatetredasymptahc . expan- 
sion for high-mncy  oscillation. The flow fields of the steady 
streaming carponent, the second andlhird harmonic ampomnb 
areobtainedwiththefundamenta~TheThedependenoeof 
the unsteady drag on omega is examined at small and finite 
Reynolds nunbers. For large Stokes number, epsilon = (omega 
a(exp 2y2nu)(exp la) rery muh greater than 1, in which a is the 
radiusofthesphereandnu isthekinemmc . viscasity,themmerical 
re- far the unstedy drag agrees well with the high-frequeq 
asymptoricbdution; and the stokes sdution is valafwfinite Re at 
epsilon very Mch greaterthan 1. For small Stmuhal nunber, Stt 
OmeQB alll(wb 0) very much less then 1, the imasinatycompanent 
ofthe msteadydrag (scaled by6 pi U(sub 0) mo(subf) nu4 in which 
Wsub f) is the fluid density) behaves as D(s& ml) approx. (h(sub 
0)  St log St- h(sub 1) St). m = 1.3.5 ..._.This is indirect comastto 
an earlier resultobtskred for an mstedy flow over a &ationery 
spherewilhasmaJl&itude&lationinthefresstreamvebdty 
(hereinafter referred to as the SA-) in which D(sub 11) appmx. - h ( d  1)St . krffawoveraspherewithafrmdmam 
vebcity ~ ( w b  0)(1- atpha(sub 1) + alpha(sub 1) cos anegar) at Re 
= U(wb 0) 2amu=O2and Stverymuchlegsthan 1 h(svb 
0) forthe first mode varies fmm 0 (at alptra(sub 1) = 0) to ammd 0.5 
(at a@ha(sub 1) = 1) and that the SA case is a degenerated case in 
which the logarithmic dependence ofthe drag in St is qpressd by 
t h e s t r o n g m e a n u r H o r m f . m ~ r e s u t t s f o r M ~  
dragareusedtoexamineanappmximateparticjedynemicequation 
proposed for spherical particles with f ini i  Reyrolds number. The 
equationindudesaquasCateady drag, an addebmassfme. and a 
modffied histay force. The approximate expmsion for the hislory 
force ill the tkne domain cornpareg very well With the nmericai 
resultsofthe SACase fafanfrequencies; itconparestavorablyfor 
MPocaseformoderateandhighhequenacw . ;it- 
sljghUythehisOoryfwceforfhePOcaseatkwfrequency.Forasolid 
sphere setltii in a stagnant liquid wilh zero initial vekcity. the 
v e b d t y ~ i s ~  usingtheproposedpallidedynamic 
equalkm. The results compare very well with experknental dataof 
Moomran over a large range of Reynolds numbers. The present 
particle dynamic equation at finite R e  performsamistedybetter 
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than that proposed by Odar 8 Hamilton both qualitatively and 
quantitatively for three different types of spatially uniform unsteady 
flows. Author (El) 

A9541027 
FLOW STRUCTURE IN THE LEE OF AN INCLINED 6:l 
PROLATE SPHEROID 
T. C. FU CDMSWC, Bethesda, MD, United States, A. SHEKARRIZ, 
J. KATZ, andl. T. HUANG Journal of Fluid Mechanics (ISSN 0022- 
1120) vol. 269 June 25 1994 p. 79-106 refs 

The paper presents a study on the flow structure in the lee of 
an inclined 6:l prolate spheroid with the use of particle displacement 
velocimetry. The aim is to determine the effects of boundary layer 
tripping, incidence angle, and Reynolds number on the flow struc- 
ture. The vorticity distributions are also used for computing the 
lateral forces and rolling moments that occur when the flow is 
symmetric. Results show an agreement between the computed 
values and those by direct measurements. El 

A 9 5 4  056 
ON THE ROLE OF THE OUTER REGION IN THE 

ROY Y. MYOSE Wichita State Univ, Wichita, KS, United States and 
RON F. BLACKWELDER Journal of Fluid Mechanics (ISSN 0022- 
1120) vol. 259 January 25 1994 p. 345-373 

The dynamics and interaction of turbulent-boundary-layer eddy 
structures was experimentally emulated. Counter-rotating streamwise 
vortices and low-speed streaks emulating turbulent-boundary-layer 
wall eddies were generated by a Gortler instability mechanism. 
Large-scale motions associated with the outer region of turbulent 
boundary layer were emulated with -omega(z) spanwise vortical 
eddies shed by a periodic non-sinusoidal oscillation of an airfoil. The 
scales of the resulting eddy structures were comparable to a 
moderate-Reynolds-num~rturbulent boundary layer. Results show 
that the emulated wall-eddy breakdown was triggered by streamwise 
acceleration associated with the outer region of turbulent boundary 
layer. This breakdown involved violent mixing between low-speed 
fluid from the wall eddy and accelerated fluid associated with the 
outer structure. Although wall eddies can break down autono- 
mously, the presence of and interaction with outer-region smega(z) 
eddies hastened their breakdown. Increasing the smega(z) eddy 
strength resulted in further hastening of the breakdown, Conversely, 
+omega@) eddies were found to delay wall-eddy breakdown locally, 
with further delays resulting from stronger +omega(z) eddies. This 
suggests that the outer region of turbulent boundary layers plays a 
role in the bursting process. Author (El) 

N95-24203 Defence Science and Technology Organisation, 
Melbourne (Australia). Airframes and Engines Div. 
A PORTABLE TRANSMISSION VIBRATION ANALYSIS 
SYSTEM FOR THE S-7OA-9 BLACK HAWK HELICOPTER 
D. M. BLUNT, B. REBBECHI, B. D. FORRESTER, and K. W. 
VAUGHAN Sep. 1994 45 p Original contains color Illustrations 
(DSTO-TR-0072; AR-008-938) Copyright Avail: Issuing Activity 
(DSTO Aeronautical and Maritime Research Lab., GPO Box 4331, 
Melbourne, Victoria 3001, Australia) 

The prototype portable transmission vibration analysis system 
developed by Aeronautical and Maritime Research Laboratory 
(AMRL) for the Black Hawk helicopter is described in detail, includ- 
ing the results of flight trials conducted at RAAF Base Edinburgh 
during July 1993. The results of these trials have proved the concept 
of the system and laid the toUndationS for the future development of 
smaller and lighter systems. Author 

N95-24211W Wichita State Univ., Wichita, KS. Nationel Inst. for 
Aviation Research. 
ANALYSIS OF WARPING EFFECTS ON THE STATIC AND 
DYNAMIC RESPONSE OF A SEAT-TYPE STRUCTURE Final 
Report 

348 

(BTN-94-EIX95011441127) Copyright 

TURBULENT-BOUNDARY-LAYER BURSTING PROCESS 

(BTN-94EIX95011441078) Copyright 

STEVEN J. HOOPER and MANOJ RAHEMATPURA May 1994 97 P 
(NIAR-94-12) Avail: CAS1 HC A05/MF A02 

An experimental investigation was conducted to evaluate the 
significance of warping deformations in the dynamic response Of a 
seat frame type structure subjected to impact loading. The test 
article design featured thin-walled open-section beams and was 
loaded inertially by a number of rigid weights which were attached to 
the ‘seat frame’ members. Strain gage data acquired during these 
tests were analyzed to whether these data are better represented by 
Vlasov beam theory or Euler-Bernoulli beam theory. Static tests Of 
the test article were conducted to validate the data reduction 
techniques employed in the analysis of the dynamic data. 

Derived from text 

N95-24396.W 
Langley Research Center, Hampton. VA. 
DSMCCALCULATIONSFORTO-DEGBLUNTEDCONEAT 
3.2 K W  IN NITROGEN 
J. N. MOSS, J. M. PRICE. and V. K. DOGRA (Vigyan Research 
Associates, Inc., Hampton, VA.) Jan. 1995 54 p 
(Contract(s)/Grant(s): RTOP 242-80-01 -01) 
(NASA-TM-109181; NAS 1.15:109181) Avail: CAS1 HC A04NF 
A01 

Numerical results obtained with the direct simulation Monte 
Carlo (DSMC) method are presented for Mach 15.6 nitrogen flow 
about a 7O-deg spherically blunted cone at zero incidence. This flow 
condition is one of several generated in the Large Energy National 
Shock (LENS) tunnel during tests of a 15.24 cm diameter model with 
an afterbody sting. The freestream Knudsen number, based on 
model diameter, is 0.0023. The focus of the DSMC calculations is to 
characterize the near wake flow under conditions where rarefaction 
effects may influence afterbody aerothermal loads. This report 
provides information concerning computational details along with 
flowfield and surface quantities. Calculations show that the flow 
enveloping the test model is in thermal nonequilibrium and a sizable 
vortex develops in the near wake. Along the model baseplane the 
heating rates are about 0.6 percent of the forebody stagnation value 
while the maximum heating along the sting is about 4.2 percent of the 
forebody stagnation value. Comparison of a Navier-Stokes solution 
with the present calculations show good agreement for surface 
heating, pressure, and skin friction results. Author 

National Aeronautics and Space Administration. 

NQ524412Y California Univ., Los Angeles, CA. Dept. of Me- 
chanical Aerospace and Nuclear Engineering. 
EFFECT OF DENSITY GRADIENTS IN CONFINED 
SUPERSONIC SHEAR LAYERS, PART 1 
OSHIN PEROOMIAN and R. E. KELLY 7 Nov. 1994 83 p 
(Contract(s)/Grant(s): NCC2-374) 
(NASA-CR-198029; NAS 1.26:198029) Avail: CAS1 HC A05/MF 
A01 

The effect of denslty gradients on the supersonic wall modes 
(acoustic modes) of a 2-D confined compressible shear layer were 
investigated using linear analysis. Due to the inadequacies of the 
hyperbolic tangent profile, the boundary layer basic profiles were 
used. First a test case was taken with the same parameters as in 
Tam and Hu’s analysis with convective Mach number M(sub c) = 
1 .836 and density ratio of 1.398. Three generalized inflection points 
were found giving rise to three modes. The first two show similar 
Properties to the Class A and B modes, and the third Is an ‘inner 
made’ which will be called a Class C mode. As the density ratio is 
increased, the smallest of the three neutral phase speeds tends 
towards the speed of the lower velocity stream, and the other two 
eventually coalesce and then disappear. These two effects lead to 
a linear resonance between the Class B modes which increases the 
Moff frequency and growth rate of the lowest mode. In fact, growth 
rates of 2 4  times the test case were found as the density ratio was 
increased to 7. A similar trend is observed for the Class A modes 
when the density ratio is decreased from the test case, but the 
BIOwth rate is not changed by much frOm the test case. Author 
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N%-24413'1 California Univ.. Los Angeles, CA. Dept. of Me- 
chanical Aerospace and Nuclear Engineering. 
EFFECT OF DENSITY GRADIENTS IN CONFINED 
SUPERSONIC SHEAR LAYERS. PART 2 3-D MODES 
OSHlN PEROOMIAN and R. E. KELLY 7 Nov. 1994 35 p 
(contraCt(~)/Gmnt(~): NCC2-374) 
(NASA-CR-198030; NAS 1.26:198030) 
A01 

TheeffectofbasicAowdensitygradientsonthesupersonicwall 
modes were investigated in part 1 oftlrisanalysis. In that investigs- 
tion onlythe 2-0 modes were studied. Tam and Hu investigatwl Ihe 
3-D modes in a confined VOlFexsheetand reported thatthe first2- 
D -Amode (Aol) had the higW~I ~RWUI mte comparedtoa# 
other 2-0 and 3-D modes present m the vortex sheet for that 
partiarlarsetoffkwpattems.Theyatsoshawedlhatthisreaultatso 
heldtnreforfinitelhaness shearlayerswithdefta(SUbW)~than 
0.125. For free sheartayers, sandham and bynold8S;twmed that 

Avail: CAS1 HC Ao31MF 

the 3-D K-H mode became the &mirum! modeforM(sub c) greater 
than 0.6. Jackson and Grosch investiggtedtheeffectofaossfiow 
andobliqueness on the slow and fast odes present in a M(s& c) 
greaterthanl enviromnentandshawedthatforcertaincombbration 
of crossflaw and wave angles the growth rates could be inaeased 
by up to a factor of 2 with respect tothe 2-0 case. The case studied 
here is a Eonfined shear layer shown m Part 1. All solution pfoce- 
dums and basic low profilesare the same as m PsJt 1. The effect of 
density gradients on the 3-0 modes present m the density ratios 

Author consided in Part 1 are investigated. 

N95-24461Y Texas A&M Univ.. College Station. TX. Dept. of 
Mechanical Engineering. 
THERMOHYDRODYNAYK: ANALYSIS OF CRYOGENIC 
UaUlD TURBULENT FLOW FLUID FILY BEARINGS, PHASE 
2 A n n u l  Research Progress Report, 1 Jan. - 31 Doc. 1994 
LUIS SANANDRES 31 Dec. 1994 211 p 
(contraCt(s)/crant(s): NAG3-1434) 

A03 
(NASA-CR-197412; NAS 1.26:197412) Avail: CAS1 HC AlQlMF 

The Phase 2 (1994) Annual Pmgmss Report presents two 

flexure-pad hybrid bearings, and the unstsady ttoW and transient 
response of a point mass rotor supported on fluid film bearings. A 
literature review on the of fkw in fluid fibn 
bearings and part of the proposed work for 1995 are also induded. 
Theprogramsdeliveredattheendof1994arenamedhyddbxtand 
hydrolran. Both codes are fuUy compatible with the hydrcwealt 
(1993) progm. The new programs p" - ca!cumg 
options of hydrosealt plus the added beanng geommes .and 
unsteacQRawandtransientfwcedresponse. Refertothehyddexl 
& hydratran User's Manual andTiffoniai for basic Momaton * onthe 
analySisand- ' 1 D M t h e P r o g r a m S . T h e ~ H e n d -  
bookcontainsthe testkaing casesakngwilh -wnh 
experimental data or pubbhud analytical values. The foyowhg 
major tasks were compktd in 1994 (Phase 2): (1) edenwn . ofthe 
the~ydrodynenric a n a l y s i s a n d d e v e l o p m e n t o f ~ ~  
gram hydroflext to model variws bearing 1 nemely. 
BMngped hydrodynamic pumal bearings, * s c y l i & b I  
beenngs ~ t i c a n d h y d r o d y n a m i c ) , e n d c y l i n d r i c a l ~ ~ r -  
mgs with a simple elastic matrix ( i  foil bearings); (2) inprwbd 
thermel model indudii radial hetat tmnsfer through the bearing 

bearingsandthetrarrsientmsponsedapointmassrotorsupported 
on bearings; end (4) a fiteratum review on the subiectof- 
firmsand- * I b w s i n U l i n - r n ~ .  

oerivdfromtexl 

0.s .ks-1 --she& -4 . d WEj %p!Z! %*WS &sx3!zg "R "-.I- 9.rrJ'v "0 e w -  PI- 

Stator; (3) Cak~laW of the Mk-ttoW fiekl nuid Rhn 

31 Oct. 1994 48 p Transl. into ENGLISH from various 
Eurasian articles 

Translated artides cover the following topics: delay effect and 
energy transfer thrwgh a turbulent atmosphere to a moving object; 
nonlinear phenomena in active phased arrays; linearizing module- 
tioncharacteristicsofmicrowavebroadtmdavalanchetransittime 
diode oscillators with VaraCtoT frequency turning; micrawave radia- 
tion absorption by edgstvpe Josephson junctions in wide-band 
detection mode; and l o C a l i  of vibrations m the shroudad Made 

Author 

(JPRS-UST-94-027) Avail: CAS1 HC AOWF A01 

assBmwy of the rotor wlwd of a tu-. 

N95-2- W- Savannah River Co.. Men, SC. 
RESIDUAL STRESS MEASUREMENTS WITH LASER 
SPECKLE CORRELATION INTERFEROMETRY AND LOCAL 
HEAT TREATING 
M. J. P E C H E M .  R. F. MILLER, and C. S. WKRAM (Alabama 
Univ.. Huntsville. AL.) Jan. 1994 26 p presented at the SPlE '95: 
SPlE Conference on Optics. EIectrPopbcs . ,andLaserAqplicationin 
Science, Engineering and Medicine. San Jose. CA, 5-10 Feb. 1995 
(hnbad(SyOrant(S):  DE-AC0489SR-18035) 
(0- , WSRCMS-W-0632; CONF-gS0226-3) Avail: CAS1 
HC AO3/MF A01 

A new experimental technique has been devisedto measure 
residual stmssesin duclile materiats with aannbination of laser 
spedde pattern interferometryand spotheating.The speclde pat- 
terninterfemmetermin-plamdehmmww . whlletheheat- 
i n g ~ ( a ~ k c a l i z e d s t r e s s n l i e f . T h  
demnindbytheamantdsbahlhat ismem8umd~lo 
m € i h . a a i n o a n d c d h ~ b e i n g ~  
W p s n m s t s r m h w t o p r o v i d b a -  . dule 
method. This desaiptkn is fonowod by 7 . oflhemsutts 
offiniteeibmentaand- ~ W i l t l ~ t e a t  
specimens.Exceyentagreementbehrreentheexpwimmbandthe 
cOmputer analyses were obtained. DOE 
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N95-24759# 
DC. 
JPRS REPORT: SCIENCE AND TECHNOLOGY. CENTRAL 
EURASIA 
25 Nov. 1994 79 p Transl. into ENGLISH from various Central 
Eurasian articles 
(JPRS-UST-94-032) Avail: CAS1 HC AO5/MF A01 

Translated articles cover the following topics: synthesis of 
stabilization systems for unmanned aircraft using spatial states 
methods; synthesis of two-dimensional nonequidistant antenna 
arrays based on theory of difference sets; study of the stability of an 
elastic hull-fuel lines-engines system for liquid fuel packet arrange- 
ment rockets; determining parameters of strength kinetics and 
critical dimension of fracture of composite materials by recording 
electromagnetic radiation pulses recorded during fracture; air den- 
sity distribution around supersonic cone at angle of attack; and 
transfer of laser energy through turbulent atmosphere to far moving 
objects. CAS1 

N95-25394'11 Queensiand Univ., Saint Lucia (Australia). Dept. of 
Mechanical Engineering. 
SHOCK TUNNEL STUDiES OF SCRAMJET PHENOMENA 
1993 
R. J. STALKER, R. J. BAKOS, R. G. MORGAN, L. PORTER, D. 
MEE, A. PAULL, S. TLJllLE, J. M. SIMMONS, M. WENDT, K. 
SKINNER et al. Jan. 1995 108 p Sponsored in cooperation with 
the Australian Research Council and the Queen Elizabeth 2nd 
FellowshipScheme 
(Contract(s)/Grant(s): NAGW-674; RTOP 505-7062-04) 
(NASA-CR-195038; NAS 1.26:195038) Avail: CAS1 HC AO6IMF 
A02 Reports by the staff of the University of Queensland on various 
research studies related to the advancement of scramjet technology 
and hypervelocity pulse test facilities are presented. These reports 
document the tests conducted in the reflected shock tunnel T4 and 
supporting research facilities that have been used to study the 
injection, mixing, and combustion of hydrogen fuel in generic 
scramjets at flow conditions typical of hypersonic flight. In addition, 
topics include the development of instrumentation and measure- 
ment technology, such as combustor wall shear and stream compo- 
sition in pulse facilities, and numerical studies and analyses of the 
scramjet combustor process and the test facility operation. This 
research activity is Supplement 10 under NASA Grant NAGw-674. 
For individual titles, see N95-25395 through N95-25400. 

N95-25400'11 Queensiand Univ., Saint Lucia (Australia). Dept. of 
Mechanical Engineering. 
BALANCES FOR THE MEASUREMENT OF MULTIPLE 
COMPONENTS OF FORCE IN FLOWS OF A MILLISECOND 
DURATION 
D. J. MEE, W. J. DANIEL, S. L. TUTTLE. and J. M. SIMMONS In 
its Shock Tunnel Studies of Scramjet Phenomena 1993 p 107-1 12 
Jan. 1995 Sponsored In cooperation with the Australian Research 
Council and the Queen Elizabeth 2nd FeilowshipScheme 
Avail: CAS1 HC AOmF A02 

This paper reports a new balance for the measurement of three 
components of force - lift, drag and pitching moment - in impulsively 
starbng flows which have a duration of about one millisecond. The 
basics of the design of the balance are presented and results of tests 
on a 15 deg semi-angle cone set at incidence in the T4 shock tunnel 
are compared with predictions. These results indicate that the 
prototype balance performs well for a 1.9 kg. 220 mm long model. 
Also presented are results from initial bench tests of another 
application of the deconvdution force balance to the measurement 
of thrust produced by a 2D scramjet nozzle. Author 

N95-25592' National Aeronautics and Space Administration. 
Lyndon 8. Johnson Space Center, Houston, TX. 
PRELOAD RELEASE MECHANISM Patent 
ROBERT M. GENEROLi, inventor (to NASA) (McDonnell-Douglas 
Corp., Houston, TX.) and HARRY J. YOUNG, inventor (to NASA) 

Joint Publications Research Service, Washington, 
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(McDonnell-Douglas Corp., Houston, TX.) 14 Mar. 1995 10 p Filed 
20 Apr. 1994 Supersedes N94-36839 (32 - 12, p 4450) 

CLASS-HO1 R-13629) A V ~ ~ I :  us patent and Trademark Office 
This invention relates to a preload release mechanism COm- 

prising a preload spring assembly adapted to apply a preload to a 
first connector member which is mounted on a support structure and 
adapted for connection with a second connector member on an 
object. The assembly comprises telescoped bushings and a preload 
spring. A tubular shaft extends through the spring assembly and 
openings in the first connector member and support structure, on 
which it is clamped. A plunger rod in the shaft is provided with a tip 
end and a recess in the rod near the other end thereof. A retainer 
precludes passage of the rod through the shaft in one direction and 
an end cap closes the bore of the shaft at the other end and provides 
a shoulder which extends radially of the shaft. A plunger retum 
spring biases the plunger rod against the plunger retainer with the 
plunger tip protruding from the shaft and a spring assembly retum 
spring engages at its ends the shoulder of the end cap and one end 
of the spring assembly. Detents received in lateral openings in the 
tubular shaft are held captive by the plunger rod and one end of the 
spring assembly to lock the spring assembly on the tubular shaft and 
apply a preload to the first connector member. Upon completion of 
the connection, detents and spring assembly are released by 
plunger contact with the object to be connected, thereby releasing 
the preload while the connection is maintained. 

Official Gazette of the U.S. Patent and Trademark Office 

N95-25606 Army Research Lab., Aberdeen Proving Ground, MD. 
WORKSHOP REPORT: MEASUREMENT TECHNIQUES IN 
HIGHLY TRANSIENT, SPECTRALLY RICH COMBUSTION 
ENVIRONMENTS Final Report, 1-30 Nov. 1993 
TODD E. ROSENBERGER Sep. 1994 204 p Limited Reproduc- 
ibility: More than 20% of this document may be affected by micro- 
fiche q u a l i  
(AD-A288395; ARL-SR-18) Avail: Issuing Activity (Defense Tech- 
nical Information Center (DTIC)) 

With the emergence of advanced propulsion systems such as 
liquid propellant (LP). electrothermal-chemical (ETC). electromag- 
netic (EM), conventional hypewelocity, and in-bore ramjet. the 
measurement of combustion phenomena has become more com- 
plex. The data associated with these systems can be rich in high- 
frequency components, and share similar transient behavior. 
Measurement techniques associated with conventional d i d  propei- 
lant systems are not always capable of accurately recording these 
phenomena. The accuracy of pressure and acceleration measure- 
ments In combustion chambers, barrels, and on-board projectiles 
has been compromised by the lack of a fundamental understanding 
Of the effects of the mounting configuration and the mechanical and 
~lectrical components of the transducer on the integrity of the 
measurement. Consequently, the system development and techni- 
cal understanding of the physical processes involved in the Ignition 
and combustion of such advanced propulsion systems have been 
compromised. A workshop was needed to bring together experts 
from the aforementioned and related communities to disseminate 
knowledge of lessons learned and to discuss the techniques neces- 
sary to make high-fidelity pressure measurements in these environ- 
ments. This report will state the objectives, identify the participants 
who met to address them, provide a list of the technical presenta- 
tions made, present highlights from these presentations and the 
discussions that they prompted, and end with conclusions and 
recommendations which came out of the workshop. DTIC 

NS26749 Research Inst. of National Defence. Linkoeping (Swe- 
den). Dept. of Command and Control Warfere Technology. 
OR~ENTATION DETERMINATION OF AIRCRAFT USINQ 
VISUAL 3D MATCHING AND RADAR. CASE STUDY 2 
H. A. OLSSON, M. BENGTSSON, and P. ROlVAlNEN Aug. 1994 

(NASA-CASE-MSC-22327-1; US-PATENT-5,397,244; USPATEN- 
APPL-SN-230571; US-PATENT-CLASS-439-248; INT-PATENT- 
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(PB95-165791) Avail: Issuing Activity (National Technical Informa- 
tion senrice (NTIS)) 

This study is an application of a matching method using 3D 
models and images. In the earlier case study we combined radar 
data and visual matching for aircraft identification and orientation 
determination. We analyzed a video sequence of an aircrafttogether 
with radar data, where the radar has guided the tracking of the 
aircraft. The purpose of this case study is to test our new 30 model, 
~omposd of edge segmtsfromthe silhwette of an aircraft and 
to see if it is possible toanalyze the video sequence onlywith visual 
matching. after the radar has given the initial start values. NTlS 

13 
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lndudesgeosciences(general);ear(hresources;energyproducbjon 
and conversion; emrimmenl ponuth; geophysics; meteombgy 
and climatology; and OCBBI1OBfBphy. 

A 9 5 - m  N a t i o n a l A e r o n a u t k s a n d S p a c e ~  . .Am0s 
Research center. Moffell Field, CA. 
ANALYSIS OF THE PHYSICAL STATE OF ONE ARCTIC 
POLARSTRATOSPHERICCLOUDBASEDON 
OBSERVATIONS 
K. DRDIA Univ. of Cal imia at los Angeles, Los Angeles, CA, US, 
A. TABAZADEH NASA. Ames Research Center, Mett FW. CA. 
US, R. P. TURCO Univ. of cafikmiaat Los Angeles, LosAngel6s. 
CA. US, M. Z. JACOBSON W. d California at Los krgeles, Los 
Angebs, CA. US, J. E. DYE Nationsl Center for Abnospheric 
Research, Boulder. CO, US. C. TWOHY Natkmal Center f o r m  
spheric Research, Bou#er. CO. Us. and D. BAUMGARDNER 
NationalCenterforAmmptmc . Rejearch.Boulder.CO,US Geo- 
physical Research Letters (ISSN 00944276) vd. 21. no. 23 
November 15.1994 p. 24752478 Research sponsored by NCAR 
Advanced Study Program Graduate Fellowship 
(Contract(s)/Grant(s): NAGW-2183) 

During thA Armc - Smmpheric Expedition (WE) 
simultaneous measurements of aerosol size distribution and 

Paths. The flow characteristicsofthe NO(y) instrumentallow usto 
derive thecondensed NO(y)amount(assumedtobeHN03)present 
during polar stratospheric dwd (PSC) events. Anatysis of the 
Janwry24thflightindiilhatthiscondensed HN03amwntdoes 
not agree well with the a e d  volume if the observed PSCs are 
amposed of sdi nitric add trihydrate (NAT). as is generally 
assumed.However,the- agmeswellwithlhatpedicted 
for liquid H2S04MN03M20 sobtion droplets ushg a new Aenwd 
Physical Chemistry Modef (APCM). The agreementcomqmds in 
d e t e i l t o v a r i a t i o n s i n ~ a n d h u n i d i t y . T h e ~ p e r e e n t -  
agesofH2SO4.HN03 ,andHX)der ivedf rcnnh~a l i  
cOrreSpOnd tothose predicted fortemary. liquid aduliars. - (He-) 
A95-78oo(r Nat ionalAeronaut icsandspece~.knes 

(HTN-95-70917) Cop- 

NO(y)(HN03 + NO + NO2 + 2(N205)) WW made aiOng ER-2 f l i  

Research Center. Moffett FW. CA. 
THE DISTRIBUTION OF HYDROGEN, NITROGEN, AND 
CHLORINE RADICALS IN THE LOWER STRATOSPHERE: 
lMPUCAflONS FOR CHANGES IN 03 W E  TO EMISSION 
Of N O M  FROM SUPERSONIC AIRCRAFT 

WOFsY Harvard urriv.. cemkidge. m y  0. WEHNBERG 
Haward w., cambridge, MA. US, R. C. COHEN Hanrard unhr.. 

US. J. 0. ANDERSON HaMad m., -. 
MA US, D. W. FAHM NOM Aeronomy Idmmbry. Boulder. CQ. 
US, R. S. G A O N O M ~ ~  Labocatocy. Barlder. CO. US, E. 
R. KElM N O M  Aeronomy ~aboretoty. BaJder. CO. US. E. L. 
WOODBRIDGE, R. M. STlMPFLE Harvard Urtiv.. Cambridge, MA, 
Useta. GeophysicalResearchLetters(ISSN00968276) vd.21, 

R. J. SAWWITCH Harvard univ., . , MA. us. S.C. 

no. 23 November 15,1994 p. 2547-2550 
(Contract(~)/Grant(~): NAG2-731; NAGW-1230; NAS1-19955; NSF 
ATM-89-21119) 
("-95-70935) Copyright 

In situ measurements of hydrogen, nitrogen, and chlorine 
radicals obtained in the lower statosphere during SPADE are com 
pared to results from a photochemical model that assimitates 
measurements of radical preatrsors and environmental conditions. 
Models allowing for heterogeneous hydrolysis of N205 agree weU 
with measured cmcentmtions of NO and CK). but mwnmtms - o f  
H02 and OH are underestimated by 10 to 25%. comemations of 
NO2 are overestimated by 10 to 309c. and . ofHClare 
overestimated by a factor of 2. Disaepencl -esror(oH)and(Ho2)are 
reduced if we allow for higher yields of O((1)D) from 02 photolVsis 
and for heterogeneas producbion of "02. The data sqgest more 
efficentcatatybic removal of 03 by hydrosen and halogen radicals 
relativeto nitrogen oxide radicalsthan predicted by models using 
recommendend rates and crwcs sections. lnaeased in (03) in the 
lowerstratospheremaybelargerinrespatsetoinputsofNO(y)frun 
supersonic aircraft than estimated by current assessmentmodeJs. 

Author (Hemer) 

AS78006- ~AeronauticsandspaceAdminMration .Ames 
Research Center, Moffett FM. CA. 
VERTICAL TRANSPORT RATES IN THE STATOSPHERE IN 
1993 FROM OBSERVATIONS OF C02. N20, AND CHI 
STEVEN C. WOFSY Harvard Univ.. camkidge. MA, US, KRISTIE 
A. BOERING Haward Univ., Cambridge. MA, US, BRUCE C. 
DAUBE. JR. Ha& Unhr.. cembridge. MA. US, MICHAEL 8. 
MCELROY Harvard Univ.. Cambridge, MA, US, MAX 
LOEWENSTEIN NASA. Ames Research Center, Moffett Ftefd. CA, 
US, JAMES R. PODOLSKE NASA. Ames Research Center, Moffett 
Field, CA, US, JAMES W. ELKINS NOM, Boulder, CO. US, 
GEOFFREY S. W O N  NOAA. Boulder, CO. US, and DAVID W. 
FAHEY NOAA, BwMer. CO. US Geophysical Research Letters 

2574 Research sponsored by DOE 
(contrect(s)/Gfant(s): NCC2-694) 

MeasurementsofCO2,N2O,andCH4areanalyredtodeftne 
hermspheric average vertical exchange rates in the lower strato- 
sphere from November 1992 to October 1993. Effective vertical 
diffusion coeffidentswere small in !5ummer, lessthan or equal to 1 
sq mls at a&tudes below 25 Ion; values were similar near the 

in winter, but increased markedly with altihrde. The 
analysissuggestspossible longer residencetimesforexhaWfrun 
s t r a ~ h e r i c a i r c m a n d m e f f i ~ ~ f m n l 2 o h t o t h e  
middle stratosphere. than predicted by many cunent models. Sea- 
sonally-resohred measurements of stratospheric co2 and N20 
prOVideSi@bltneWCOMhmtS . cmratesforgkbal-scalevertical 
transport Author (Hemer) 

AS5-18ooo' National Aeronautics and Space Administration. 
Langley Research Center, Hampton, VA. 
AN ANALYSIS OF AIRCRAFT EXHAUST PLUMES FORM 
ACCIDENTAL ENCOUNTERS 
J. ZHENG Univ. of colorado. Boulder, CO. US, A. J. WEINHEIMER 
National Cemter for Atmospheric Research, Boulder, CO, US, 8. A 
RIDLEY National Center for Atmospheric Research, Barkler. CO. 
US, S. C. LIU Mi. of Colorado, Boulder, CO, US, 0. W. SACHSE 
NASA. LangJey Research Center, Hampton, VA, US, B. E. ANDER- 
SON NASA Langley Research Center, Hampton, VA, US, and J. E. 
COLLINS. JR. Oeophyslcal . ResearchLettenr(ISSNoo9cBn6) 
vol.21, no.23 Navember15.1994 p.2519-2582 Resear& 
sponsoredbyNASAandNSF 

(ISSN ooses27s) vd. 21. no. 23 NWmber 15,1994 p. 2571- 

("-95-70941) m g h t  

("-95-70943) cowriaht 
A n ~ o f o f ~ n e d d u r i n g t h e ~ A i r b a m e A r c b j c  

Stretospheric w o n  (AASE-II) Was made wilh 
aircraft exhaust plummi accidentally encountered during the mis- 
sion. Twenty spikes were found with peak NO(y) increments greater 
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than or equal to 1 ppbv. The examination of CO and C02 indicated 
that there was only one NO(y) spike having clearly corresponding 
spikes of both CO and C02 and another four with unambigious C02 
spikes. No significant increases were found for CH4 and N20 for 
these 5 spikes. The ratio of the excess C02 and NO(y) compares 
well with the ratio of published subsonic aircraft emission indices. 
The study of the selected spikes from the DC-8 and another two 
spikes observed during other missions shows that the odd nitrogen 
other than NO(x) accounts for a very small percentage of the NO(y) 
increase associated with the observed spikes. Author (Hemer) 

A95-78009' Jet Propulsion Lab., California Inst. of Tech., Pasa- 
dena, CA. 
MERIDIONAL DISTRIBUTIONS OF NO(X), NO(Y), AND 
OTHER SPECIES IN THE LOWER STATOSPHERE AND 
UPPER TROPOSPHERE DURING AASE 2 
A. J. WEINHEIMER National Center for Atmospheric Research, 
Boulder, CO, US, J. G. WALEGA National Center for Atmospheric 
Research, Boulder, CO, US, B. A. RIDLEY National Center for 
Atmospheric Research, Boulder, CO, US, B. L. GARY Jet Propul- 
sion Laboratory, Pasadena, CA, US, D. R. BLAKE Univ. of Califor- 
nia, Iwine. CA, US, N. J. BLAKE Univ. of California, IMne, CA, US, 
F. S. ROWLAND Univ. of California. IMne. CA, US, G. W. SACHSE 
NASA. Langley Research Center, Hampton, VA, US, 8. E. ANDER- 
SON NASA. Langley Research Center, Hampton, VA. US, and J. E. 
COLLINS NASA. Langley Research Center, Hampton, VA, US 
Geophysical Research Letters (ISSN 0094-8276) vd. 21, no. 23 
November 15. 1994 p. 2583-2586 Research sponsored by NASA 
and NSF 

The meridional distribution of NO(x) in the lower stratosphere 
and upper troposphere is inferred form 10 flights of the NASA DC- 
8 in the northern winter of 1992 along with like distributions of NO(y), 
NO(x)/NO(y), CO, and C2C14. In the lowest few km of the strato- 
sphere there is little vertical gradient in NO(x) over the range of 
latitiudes measured (40 deg-90 deg N). There is a substantial 
latitudinal gradient, with 50 pptv above the pole and 120 pptv near 
40 deg N. In the uppermost few km of the troposphere. background 
values range from 30 pptv over the pole to 90 pptv near 40 deg N. 
On two occasions higher values, up to 140 pptv in the mean, were 
seen 2-3 km below the tropopause in association with frontal 
systems. The meridional distributions of CO and C2C14 show the 
same feature, suggesting that the source of the elevated NO(x) is 
near the earth's system. Author (Hemer) 

(HTN-95-70944) Copyright 

A95-78011' Jet Propulsion Lab., California Inst. of Tech., Pasa- 
dena, CA. 
COMPARISON OF COLUMN ABUNDANCES FROM THREE 
INFRARED SPECTROMETERS DURING AASE 2 
W. A. TRAUB Smithsonian Astrophysical Obsewatory, Cambridge, 
MA, US, K. W. JUCKS Smithsonian Astrophysical Obsewatory, 
Cambridge, MA, US, D. G. JOHNSON Smithsonian Astrophysical 
Observatory, Cambridge, MA, US, M. T. COFFEY National Center 
for Atmospheric Research, Boulder, CO, US, W. 0. MANKIN Na- 
tional Center for Atmospheric Research, Boulder, CO, US, and G. C. 
TOON Jet Propulsion Laboratory, Pasadena, CA, US Geophysical 
Research Letters (ISSN 0094-8276) vol. 21, no. 23 November 15, 
1994 p. 2591-2594 Research sponsored by NASA and NSF 
(Contract(s)/Grant(s): NSGS-175) 

Three Fourier transform infrared (FTIR) spectmnters were 
based on board the NASA DC-8 during the second Airborne Arctic 
Stratospheric Expedition (AASE II) in 1992. Two FTlRs used solar 
absorption and one used thermal emission. We compare over 2000 
measurements from these 3 FTIRs. on 12 DC8 flights, for closely 
coincident air masses and times, both inside and outside the polar 
vortex. In the majority of cases the offset biases are quite small, in 
the range 1-4%, and comparable to the absolute precisions ex- 
pected. In most cases the nns scatter is in the range 4-11%; this 
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(HTN-95-70946) Copyright 

scatter is unlikely to be geophysical, but rather is probably instru- 
mental or analytical in origin. Author (Herner) 

A95-78012' National Aeronautics and Space Administration. 
Goddard Space Flight Center, Greenbelt, MD. 
CHEMICAL CHHANGE IN THE ARCTIC VORTEX DURING 
AASE 2 
WESLEY A. TRAUB Smithsonian Astrophysical Observatory, Cam- 
bridge, MA, US, KENNETH W. JUCKS Smithsonian Astrophysical 
Observatory, Cambridge, MA, US, DAVIDG. JOHNSON Smithsonian 
Astrophysical Observatory, Cambridge, MA, US, and KELLY V. 
CHANCE Smithsonian Astrophysical Observatory, Cambridge, MA, 
US Geophysical Research Letters (ISSN 0094-8276) vol. 21, no. 
23 November 15,1994 p. 2595-2598 
(Contract( s)/G rant( s) : NSG5- 1 75) 

We measured column abundances of HF. HCI, 03, "03, 
and H20 on the NASA DC-8 during the AASE II campaign, using 
thermal emission spectroscopy. We made multiple traversals of 
the Arctic vortex and surroundings. Using HF as a tracer, we 
remove the effects of subsidence from the measured column 
abundances; perturbations in the resulting column abundances 
are attributed to chemical processing. We find that by January 
1992 the stratospheric column in the vortex had been chemically 
depleted by about (%+/-lo)% in HCI and (35+/-lo)% in 03, and 
enhanced by about (15+/-lo)% in "03 and (O+/-lo)% in H20. 

Author (Hemer) 

ABS-78013' Jet Propulsion Lab., California Inst. of Tech., Pasa- 
dena, CA. 
LATITUDE VARIATIONS OF STRATOSPHERIC TRACE 
GASES 
0. C. TOON Jet Propulsion Laboratory, Pasadena, CA, US, J.-F. 
BLAVIER Jet Propulsion Laboratory, Pasadena, CA. US, and J. T. 
SZETO Jet Propulsion Laboratory, Pasadena, CA, US Geophysical 
Research Letters (ISSN 0094-8276) vol. 21, no. 23 November 15, 

We present vertical column abundances of H20. N20, "03, 
N02. 03. HF, HCI, and CIN03, determined from solar absorption 
spectra measured by the JPL MklV interferometer from the NASA 
DC-8 aircraft. These observations. taken in 1987 and 1992, covered 
latitudes ranging from 85 deg S to 85 deg N. Although most gases 
display latitude symmetry, large asymmetries in H20, "03, and 
03 are apparent, which can be ascribed to processes enhanced by 
the colder Antarctic winter temperatures. Author (Hemer) 

AQS-78014' National Aeronautics and Space Administration. 
Goddard Space Flight Center, Greenbelt, MD. 
FINE-SCALE, POLEWARD TRANSPORT OF TROPICAL AIR 
DURING AASE 2 
D. W. WAUGH Massachusetts Institute of Technology, Cambridge, 
MA, US, R. A. PLUMB Massachusetts Institute of Technology, 
Cambridge, MA. US, P. A. NEWMAN NASA. Goddard Space Flight 
Center, Greenbelt, MD, US, M. R. SCHOEBERL NASA. Goddard 
Space Flight Center, Greenbelt, MD, US, L. R. LAlT NASA. Goddard 
Space Flight Center, Greenbelt, MD, US, M. LOEWENSTEIN NASA. 
Ames Research Center, Moffett Field, CA. US, J. R. PODOLSKE 
NASA. Ames Research Center, Moffett Field, CA, US, J. W. ELKINS 
NOAA, Boulder, CO. US, and K. R. CHAN NASA. Ames Research 
Center, Moffett Field, CA, US Geophysical Research Letters (iSSN 
0094-8276) vol. 21, no. 23 November 15,1994 p. 2603-2606 
(Contract(s)/Grant(s): NAGW-1727) 

The pdeward transport of tropical air in the lower stratosphere 
during the winter period of the second Airborne Arctic Stratospheric 
Expedition (AASE 2) (December 1991-March 1992) is examined 
using contour advection calcutions. These calculations show that 
filaments of tropical air extend into mid-latitudes. and are wrapped 
around the equatorward edge of the polar jet. Simultaneously 
filaments are drawn from the polar vortex and are intermingled with 

(HTN-95-70947) Copyright 

1994 p. 2599-2602 
(HTN-95-70948) Copyright 

(HTN-95-70949) Copyright 
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the filaments of tropical air. The tropical filaments are Mnsistent with 
measurements of chemical tracers taken aboard the ER-2 and DC- 
8 aircraft w h i i  show localized regions, m mid-latitudes, of air with 
the characteristics of tropii air. Author (Hemer) 

ASS-76670 
NITROUS OXIDE AND METHANE EMISSIONS FROM AERO 
ENGINES 
P. WIESEN Univ.-GH Wuppertal. Wuppertal. Germany, J. 
KLEFFMANN Univ.-GH Wuppertal. Wuppertal, Germany. R. 
KURTENBACH Univ.-GH Wllpperta, Wuppertal. Gennany, and K. 
H. BECKER Univ.-GH Wuppertal. Wuppertal. Gefmany Geophysc 
cal Research Letters (I= 00944276) vol. 21, no. 18 sepa#nber 

The enrissions of nitrous oxide and methane from a Ratt 6 
Whitney Canada PW 305 and a Rdis Royce RE21 1 jet engine were 
measured under various f@ht codtbns either on a ground level 
stationary test stand or in alwlde test calls by using an off-line 
sampling technique. The . ofthegaseswemdeter- 
mined by long path infrared diode laser absorption spectroscoWin 
the laboretory. The calculated emision indices indicete that, at 
present, air traffic does not contribute significanl3y to the gbbal 
budgets of methane and nitrous Oxide. Author (Hemer) 

1.1994 p.2027-2030 R e s e a r c h ~ p ~ n ~ ~ d b y t h e E C  
("-95-21363) copvriam 

A95-78679 
IMPACT OF PRESENT AIRCRAFT EMISSIONS OF 
NITROGEN OXIDES ON TROPOSPHERIC OZONE AND 
CLIMATE FORCING 
D. A. HAUGLUSTAINE CNRS, Per$. France. C. GRANIER Natknal 
Center for Atmospheric Research, Boulder, CO, US, 0. P. 
BRASSEUR National Center for ABnospheric Fbesearch, BwMer, 
CO. US, and G. MEGlE CNRS, Paris, France Oeophysical 
Research Letters (ISSN 00944276) vd. 21, no. 18 September 1. 

Gas Research InStiMe 
1994 p. 2031-2034 Research -red by the NSF. CEC. end 

(HTN-95-21364) Copyright 
A two-dimensional (2-D) modef m whim dynamks. radiation 

-..- ....Y.l. .,, -10 LIWIC)(I aaturacuveiy k used io imesiipta i t ~  
seasonal changes in tropaspheric ozone due to cwrent nitrogen 
oxide emissions from aim and to asses the Bssodated radiative 
forcing on the dimate system. Ourresrdts confirm the high effidency 
of nitrogen oxide in-situ emissions in producing ozone in comparison 
to surface emissions. The ozone increase is chamctew by a 
strong seasonal variam, it reaches more the 7 % during swwner 
in the upper troposphere at northern mid-latitudes. On a global 
average basis, the radiative forcing asmciaw with this ozone 
increase appears to be small in cOmpariSOn tothat of other green- 
house gases. However. it may play a signiricant d e  in the anthro- 
pogenic forcing on northem hemisphere dimate. Author (Hemer) 

p d  I- 4--.- -I -.- 

Ass7w55 
SENSITIVITY OF SUPERSONIC AIRCRAFT YODELLING 
STUDIES TO "03 PHOTOLYSIS RATE 
A. E. JONES Univ. of Cambridge, Cambridge, UK. S. BEKKI W. 
ofCambri~,Cambridge,UK,andJ.A.PYLEUniv.ofCambridge. 
Cambridge, UK Geophysical Research Le- (ISSN 00968276) 
W.20.no.20 Odober22.1993 R.zBI-~~M-- 

uncertainties in photochemical data. We considerthe sendtMy with 
respect to "03 photolysis rates, which are dependent upon the 
assumed photochemical data. There is also considerable variavility 
between &Is in the calculated photolysis rates. If temperature 
dependent absorption cross sections for "03 are used in model 
simulations of supersonic aircraft exhaust impact, the calarlated 
ozone loss at high latibdes is significantly reduced. and an ozone 
increase rather than a decrease is calculated for low to mid- 
latitudes. The result emphasized our cunenl uncertainty about the 
impact of Mure supersonic aircraft on ozone chemistry and more 
genraliy, about processes operating in the lower stmbsphre. 

Author (Hemer) 

A95do52s 
TRACER TRANSPORT FOR REALISTIC AIRCRAFT 
EMISSION SCENARIOS CALCULATED USING A THREE- 
DIMENSIONAL MODEL 
CLARK J. WEAVER Applied Research Corporabon ,Landwer.MD. 
US, ANNE R. DOUGLASS NASA. Goddard Space FligM Center, 
Greenbelt, MD, US, and RICHARD E. ROOD NASA. Goddard 
Space F l i i  Center, Greenbelt, MD, US Jwmal of Geophy&d 
Research (ISSN 01484227) voi. 100, no. D3 March 20,1995 p. 
5203-5214 

A- transportmodel,whichweswindsfroma 
stratosphericdataessimilatiar system, is used to study the triins- 
port of supersonic aircraft exhaust in the lawer stra8osphere. A 
~ t r a c e r i s c o n t i n w u d y ~ i n t o ~ ~ m o d e l . T h e  
tracersourcedimbuwn . i sbasedonrea l is t ic~ for thede#y  
emission rateof mactive nilmgenspeciesforaUfiorecastedRigM 
mutes. Windsare fromnorthem hemisphere winterfspring monihs 
for 1979end 1989; theman, minim8d dmerences behmren the traeer 
integrations for the 2 years. During the integration, peak imcer 
mixing ratiosin the lliitconidorsare campared with the zonal mean 
and found to be greater by afactor of 2 or less. This implies that the 
ZOn€l l~essumptron ' rrsedintwodimensionalmodelsisreason- 
able during winter and spring. There is a preference for pollutant 
buldupinthe heavifytraveied North Pacific and North Attanticfl i  
corridors. Pollutant concentrabon . inthemmido= _:c!epm!smm 
position of the Aleutian anticydone and the northem hemisphere 
polarwte4xedge. -(-r) 

("-95a1799) ?wYwlt 

A95-80559 
COMPARISON OF WIND PRORLER AND AIRCRAFT WIND 
MEASUREMENTS AT CHEBOGUE POINT, NOVA SCOTIA 
WAYNE M. ANGEVINE University of Colorado. Boulder, CO. US 
and J. IAN MACPHERSON National Research Council, Ottawa. 
Ontario. Canada Journal of Atmosphericend~Technoiogy 
(ISSN 0739-0572) vd 12, no. 2 April 1995 p. 421-426 Resemch 
sponsmd by the U.S. Deparbnentof Energy and the Atmospheric 
Envinnwnentserviceofcanada 
("-9!xlfJ33) 

tnAugust1993,aQlS.MHzbwndarylayerwind-profilingradar 
was deplayed at Chebogue Point, Nova scotia, to provide wind, 
hnbufence. and bomdaty layer StNChne Momabon . f o r t h e m  
Atlantic Regional Experiment Summer 1993 intensive campaign. 
The National Research Council Canada (NRCC) Twin Otter amo- 
sphericr8searchaircraftwasatsopanofthatcempaign.Dulingthe 
mnpaign,theTwinOtter Rew 29 soundings over chebogue Point. 
Thiipaperdescribesaampaanparisonof the windspeedanddireclion 
measured by the protiler and the aircraft. In the height range 300- 
2OOO m above sea level. the rendom diffen#lce betweenthewind 
speed lwammwm is 0.9 mls, andthe rsndan diffen#lce be- 
tween tb wind direction meesurementsis Qdeg. There $ a  anall 
systematic difference in the wind speeds (0.14mls)thatis pmbably 
due to uncertainty in the Zenith angles ofthe radar beams and 
extremelygoodagreement(within0.5deg)inthewinddrection.The 
Kalmanfitter-rmoothertechwue usedtoremovedirftsmtheinertiel 
navigation system is shown to be important in achieving these 
favoraMe results. Author (Hemer) 
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A9540829 
NORTH ATLANTIC AIR TRAFFIC WITHIN THE LOWER 
STRATOSPHERE: CRUISING TIMES AND 
CORRESPONDING EMISSIONS 
KLAUS P. HOINKA lnstitut fuer Physik der Atmosphare, Wessling, 
Germany, MANFRED E. REINHARDT lnstitut fuer Physik der 
Atmosphare. Wessling, Germany, and WERNER METZ Universitat 
Muenchen, Munich, Germany Joumal of Geophysical Research 
(ISSN 0148-0227) vol. 98, no. D12 December 12,1993 p. 23,113- 
23,131 

This study estimates cruising times and related pollutant emis- 
sions (NO(x), CO, HC) and H20 of todays aircraft fleet within the 
troposphere and stratosphere performed for the North Atlantic region in 
between 45 deg N, 65 deg N, 10 deg W, and 50 deg W for the years 
1989. 1990, and 1991. The tropopause surface distribution is deter- 
mined through analysis of assimilated data. Both conventional lapse 
rate and potential vorticity criteria are employed to determine the 
location of the tropopause surface. These data combined with air traffic 
statistics are used to evaluate cruising times within the troposphere and 
stratosphere separately. The study shows an average of about 4 4 O h  of 
the cruising time of the aircraft above the North Atlantic flown within the 
stratosphere. Based on emission indices of aircraft engines, the 
emissionratesof NO(x)(inmassunitsof N02)intothestratosphereand 
troposphere in the given region result in 0.26 and 0.33 x 1 O(exp -12) kg/ 
q d s ,  respectively. Author (Hemer) 

A95-80830' National Aeronautics and Space Administration. 
Langley Research Center, Hampton, VA. 

SPEED CIVIL TRANSPORT: SENSITIVITY TO 
STRATOSPHERIC AEROSOL LOADING 
DEBRA K. WEISENSTEIN Atmospheric and Environmental Re- 
search, Inc., Cambridge, MA, US, MALCOLM K. W. KO Atmo- 
spheric and Environmental Research, Inc., Cambridge, MA, US, 
JOSE M. RODRIGUEZ Atmospheric and Environmental Research, 
Inc., Cambridge, MA, US, and NIEN-DAK SZE Atmospheric and 
Environmental Research, Inc., Cambridge, MA, US Joumal of 
Geophysical Research (ISSN 0148-0227) vol. 98, no. D12 Decem- 
ber 12, 1993 p. 23,133-23,140 
(Contract(s)/Grant(s): NASI-1 9192) 

The potential impact of high-speed civil transport (HSCT) aircraft 
emissions on stratospheric ozone and the sensitivity of these results to 
changes in a e m l  loading are examined with a twoaimensional 
model. W b  aerosols fixed at background levels, calculated ozone 
changes due to HSCT aircrafl emissions range from negligible up to 4- 
6Y0 depletions in column zone at northern high latitudes. The magnitude 
of the ozone change depends mainly on the NO(x) increase due to 
aircraft emissions, which depends on fleet size, cruise attitude, and 
engine design. The partitioning of the odd nitrogen species in the lower 
stratosphere among NO, N02, N205, is strongly dependent on the 
concentration of suffuric acid aeroso( particles. and thus the sensitivity 
of 03 to NO(x) emissions changes when the stratospheric a e m  
loading changes. Aerosol concentrations 4 times greater than back- 
ground levels have not been unusual in the last 2 decades. Our model 
results show that a factor of 4 increase in aerosol loading would 
significantly reduce the calculated ozone depletion due to HSCT 
emissions. Because of the neutral variabiltiy of stratospheric aerosols, 
the possible impact of HSCT emissions on ozone must be viewed as 
a range of possible results. Author (Hemer) 

A95-80831 
HIGH-SPEED CIVIL TRANSPORT IMPACT: ROLE OF 
SULFATE, NITRIC ACID TRIHYDRATE, AND ICE 
AEROSOLS STUDIED WITH A TWO-DIMENSIONAL MODEL 
INCLUDING AEROSOL PHYSICS 
G. PlTARl Universita degli Studi. L'Aquila, Italy, V. RlZl lstituto 
Nazionale di Geofisica, Rome, Italy, L. RlCClARDULLl Universita 
degli Studi. L'Aquila, Italy, and G. VlSCONTl Universita degli Studi, 
L'Aquila. Italy Jwmal of Geophysical Research (ISSN 0148-0227) 

354 

(HTN-95-91841) Copyright 

EFFECTS ON STRATOSPHERIC OZONE FROM HIGH- 

(HTN-95-91842) Copyright 

vol. 98, no. D12 December 12,1993 p. 23,141-23.164 Research 
sponsored by the Italian Space Agency and the Commission Of 
European Communities 

In this paper we describe a two-dimensional model covering the 
whole stratosphere and troposphere which includes photochemical 
reactions for the sulfur cyde and a microphysical code for sulfuric acid 
aerosols. Starting from these particles, the same code predicts also the 
size distribution for nitric trihydrate (NAT) and ice aerosds, COVering 
globally a partide radius range between 0.01 micrometem and about 
160 micrometers. A rather simple scheme is described for nucleation 
and condensation processes leading to the formation and growth of 
NAT and ice particles, still using grid point temperature data taken from 
the zonally averaged climatology of the lower stratosphere. A discus- 
sion is made of the high-speed civil transport (HSCT) impact on ozone 
adopting different scenarios for the a e r d s .  Model results for the 
aerosol size distribution and for the available surface densities appear 
reasonable when compared to satellite and balloon measurements and 
to independent numerical calculations. As pointed out also by previous 
research work and assessment panels, our calculation shows that the 
ozone sensitivity to HSCT emissions largely decreases when hetero- 
geneous chemistry is included with respect to a pure gas phase 
chemistry case. In addition, our results indicate that the ozone sensitiv- 
ity to HSCT emission decreases even more when NAT and ice aerosols 
are present: this is a consequence of the aerosol-induced stratospheric 
denitrification which makes the residence time of the injected odd 
nitrogen shorter and the relative weight of the NO(x) catalybc cycle 
smaller. lndusion of the sulfur dioxide feedback with the sulfate aerosd 
surface does not change significantly the ozone depletion in our model 
simulation, at least in the pure sulfate case. The additional ozone 
change due to aircraft injection of SO2 is larger when NAT and ice 
aerosols are allowed to form, due to the decreased ozone sensitivity to 
NO(x). In this version of the model no direct aircraft emission of 
particulate has been included as a possible source for additional 
condensation nuclei. Author (Hemer) 

A95-80843' National Aeronautics and Space Administration. 
Langley Research Center. Hampton, VA. 
AN INTERCOMPARISON OF AIRCRAFT 
INSTRUMENTATION FOR TROPOSPHERIC 
MEASUREMENTS OF SULFUR DIOXIDE 
GERALD L. GREGORY NASA. Langely Research Center, Hamp- 
ton, VA, US, DOUGLAS D. DAVIS Georgia Institute of Technology, 
Atlanta, GA, US, NOBERT BELT2 J.W. Goethe University, Frank- 
furt, Germany, ALAN R. BANDY Drexel University, Philadelphia, 
PA, US, RONALD J. FEREK University of Washington. Seattle, WA, 
US, and DONALD C. THORNTON Drexel University, Philadelphia, 
PA, US Joumal of Geophysical Research (ISSN 0148-0227) vol. 
98, no. D12 December 12.1993 p. 23,32523,352 

As part of the NASATropospheric Chemistry Program, a series 
of field intercomparisons have been conducted to evaluate the state- 
of-the art for measuring key tropospheric species. One of the 
objectives of the third intermparison campaign in this series, 
Chemical Instrumentation Test and Evaluation 3 (CITE 3), was to 
evaluate instrumentation for making reliable tropospheric aircraft 
measurements of sulfur dioxide, dimethyl sulfide, hydrogen sulfide, 
carbon disulfide, and carbonyl sulfide. This paper reports the results 
of the Intercomparisons of five sulfur dioxide measurement methods 
ranging from filter techniques, in which samples collected in flight 
are returned to the laboratory for analyses (chemiluminescent or ion 
Chromatographic), to near real-time, in-flight measurements via gas 
chromatographic, mass spectrometric, and chemiluminescent tech- 
niques. All techniques showed m e  tendency to track sizeable 
changes in ambient SO2 such as those associated with altitude 
changes. For SO2 mixing ratios in the range of 200 pptv to a few 
ppbv, agreement among the techniques vanes from about 30% to 
several orders of magnitude, depending upon the pair of measure- 
ments intercompared. For SO2 mixing ratios less than 200 pptv, 
measurements from the techniques are uncorrelated. In general, 
observed differences in the measurement of standards do not 

(HTN-95-91843) Copyright 

(HTN-95-91855) Copyright 
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accwnt for the flight results. The CITE 3 results do not unambigu- 
ously identify one or more of the measurement techniques as 
providing valid or invalid SO2 measurements, but identify the range 
of 'potential' uncertainty in SO2 measurements reported by currently 
available in- 'on and as measured under r e a l i i  aircraft 
environments. Author (Hemer) 

A95-80844' National Aeronautics and Space Administration. 
Langley Research Center, Hampton, VA. 
AN INTERCOMPARISON OF AIRCRAFT 
INSTRUMENTATION FOR TROPOSPHERIC 
MEASUREMENTS OF CARBONYL SULFIDE, HYDROGEN 
SULFIDE, AND CARBON DSULFIDE 
GERALD L. GREGORY NASA. Langley Research Center, k h p  
ton. VA. US, DOUGLAS D. DAWS Georgia lnstihde of T W .  
Atlanta, GA, US. DONALD C. THORNTON Drexel University. Phila- 
delphia, PA, US, JAMES E. JOHNSON NOAA, Seawe. WA, US. 
ALAN R. BANDY Drexel University, Phifadelphia, PA, US. ERIC S. 
SALTZMAN University of Miami, Miami, FL, US, MEINRAT 0. 
ANDREAE Max-Plan&-Institute fur Chemie, Mainz, Germany. and 
JOHN D. BARRICK NASA. hngley Research Center, Hampton. 
VA. US Journal of Geophysical Research (ISSN 014-0227) vol. 
98, no. D12 December 12,1993 p. 23.353-23.372 

This paper reports results of NASA's Chemical Insttumentath 
and Test Evaluation ( C m  3) during w h i  airborne measurements 
for carbonyl sulfide (COS). hydmgen sulfide (H2S). and carbon 
disulfide (CS2) were intemmpamd. lnstnnnentabon . indudedagas 

c s ) ,  a gas C t w o m a t o g r q A ~  
(Cos) and CS), a gas v- 
subsequent SF6 deteaiOn via- 
the Natuschtechnique (H2S).Themeesuremcmtsmm, madeover 
the Atlantic Ocean east of North rrnd SUUUI America during llights 
from NASA's Wallops F l i i  center, Virginia, and Natal, Brazil, In 
AugustSeptember 1989. Rhost of the intercomparisons for H2S and 
CS2 were at mixing ratios less than 25 pptv and less than 10 pptv, 
respectively. with a m i m u m  mixing ratio of about lOOpptvand50 
pptv. respectively. Carbonyl sulfide intercomparisons were at mix- 
ing ratios between 400 and 600 pptv. Measurements were 
internpared irom data bases amtrmbd from time periods of 
simultaneous or overlapping measurements. Agreement among the 
COS techniques averaged about 5%. and individual rnawwmm 
were generally within 10%. For H2S and at mixing ratio greater than 
25 pptv, the instnnnents agreed on average to about 15%. At mixing 
ratios less than 25 pphr the agreement was about 5 pplv. For CS2 
(mixing ratios less than 50 pptv). two tectwtiques agreed on average 
to about4 pptv, and the third exhibitd a bias (Aativetothe other 
two) that varied in the range of3-7 pptv. CS2 mixirtg ratios overthe 
ocean east of Natal as measured by the gas chranatograph-mass 
spectrometertechnique were onty afew pptv and were bedowthe 
detection limits ofthe 0QhertwotechniqUes.The CITE 3 dam am 
WedtoesQnatetheanrentunCertainty~withakaaft  
measwementsof Cos, H2s, andcs2mthemnotetroposphere. 

rhrthor (Hemer) 

National Aeronautics and Space Administration. 

(HTN-95-91856) CopyrieM 

chromatograph using flame . detection (COS, H2s. and 

(COS and m). end 

A95gOMS' 

AN lNTERCOMPARlSON OF INSTRUMENTATION FOR 
TROWSPHERIC MEASUREMENTS OF DIMETHYL 
SULFIDE: AIRCRAFT RESULTS FOR WNCENTFIATlONS 

GERAU) L. GREGORY NASA. Lensley Resesrch Center, Hanp 
ton. vk  US, UNDA S. WARREN NASA. Langley Researdr Center, 
m, VA US, DOUGLAS D. DAWS Gamgh h#it~@ of Tech- -. Atlanta. GA, US. MEINRAT 0. ANDREAE Max--- 
1- fur Chemie. Maim, Germany, ALAN R. BANDY Drexel 
U h m .  Philadelphia, PA, US, RONALD J. FEREK University of 
W m m r .  Seattte, WA. US, JAMES E. JOHNSON N O M  b- 
a a ,  WA, US, ERIC S. SMTZMAN University of Miami. W, FL, 
us. and DAVID J. COOPER University of Nliami, Miend, FL. US 

Research Center. Hampton, VA. 

AT THE PARTS-PER-TRILLION L E V U  

Journal of Geophysical Research (ISSN 01484227) vol. 98, no. D12 
December 12,1993 p. 23,373-23.388 

This paper reports resub from NASA's Chemical Instrumenta- 
tion and Test Evaluation (CITE 3) during which airborne measur%- 
ments of dimethyl sulfide (DMS) from six instruments were 
intercanpared.RepresentedbythesixinsmnnemsamthreefLBlda- 
mentally different detectm . principies (name phatomebic. mass 
spectrometric, and electran capture after fluorination); three cdlec- 
t i on tp~n t ra t i on  methods (cryogenic. gold wod absorption. 
and poiymer absorbent): and three types of oxidant sctubbers (soli 
phase alkaline. aqueous reactor, and cotton). The measuremenS 
were mede ov8r the Attantic Ocean in 1989 
during f l i  from NASA's Wallops Right Center, Wfginia, and 
Natal. Brazil. The maiOrity of the kWtCOmpaf&OtlS are et W S  
mixing ratios less than 50 pptv. Results show lhat insznrment 
agreement is ofthe order of afew pptvfor mixing ratios Less than 50 
pptvand to within ebwt 15% above 50 pphr. Statistically sigdkmt 
(95%confidence)measurementbiaseswerenotedemongsomeof 
the techniques. However. in all cases, any bias is small and within 
the accuracy of the measurements and prepared DMS standards. 
lhw,we c o n d u d e t h a t t h e t s c h n i q u e s ~  duringClTE 
3 provideequaUyvalid measurementsof DMS in the rangeofafew 
pptv to 100 pphr (upper range of the intercomparisons). 

Author (Hemer) 

(HTN-95-91857) CopyrigM 

A9580860 
DYNAMICS OF AIRCRAFT EXHAUST PLUMES IN THE JET- 
REGIME 
B. KAERCHER Univ. Muemhen. Freising, Germany and P. FABIAN 
Uriiv. Muenchen, Freising, G e m y  Annales Geophyslcae ' (ISSN 
0992-7689) vol. 12. no. 10-11 November 1994 p. 911-919 

A- . m o d e l ~ g t h e t w o d m m i o n a l , h n b u -  
lent mixing of a singie jet of exhaust gas from aircraft engines with 
theambientatmosphereispresented.TheundertyingassumptiMIs 
and governing equations are examined e supplemented by a 
disarssion of analytical solutions. As an appbcafion . ,thejetdYnam- 
icsof a B747-400aircraft~ne in -and its dependence on key 
parameters is investigated in detail. The computer code fw this 
dynamicalmodelis- . fastandcan~becoupled 
to complex chemical and nticrophysical models in adertoperform 
amp&m&w studbs of atmosphericeffectsfrom aircraft exhaust 
emissions in the Jet regime. -(-r) 

(HTN-95-51275) Copyright 

A9540861 
MODELING OF AIRCRAFT EXHAUST EMISSIONS AND 
INFRARED SPECTRA FOR REMOTE MEASUREMENT OF 
NITROGEN OXIDES 
K. BElER DLR. Oberpfaffenhofen, Germany and F. SCHREIER 
DLR,Oberpfaffenh&n.Germany AMfalesGeophyslcee . (ISSN 
oss2-768!3) vol.12,n0.10-11 Nowrmber1994 p.920-943 
(HTN-95-51276) Cowrigm 

lnfrared(IR)tnok&rspedrosoopyisproposedtoperformed 
remote measurements of NO(x) concentrations in the exhaust 
plume and wake of aircraft. The cOmputer model NIRATAM is 

exhaust plume and to generate kw resolutron ' IRspectreand 

High-- ' IRspectraoftheplume,indudingaBnospheric 
absorptionand~.are~imuletedusingthemolearlerfhre-by- 
line radiation model FASCODE2. Simulated IR spectraofa Boeing 

the jet regia ofthe exhaust pima am pmsmted. Anunberd  

beck- 

determine N O ~ ~ p ~  m the plume.ThepossUWyof 

eppli to SimUhtB the ptlysw and chelnid properties ofthe 

syntheticalthemralknagesoftheaircraftinbnaturalsumnndings. 

747-400at~altitudeforctifferenta%ialandredialposibknsin 

specbal LnesdNOcanbeidenWied mowbedisakmurxed - f m n  
linea of other exhaust gases and the natural abnogphenc . 
grwndintheregiocrerwnd52nriaons.Theseliicanbeusedto 

measuringnitrogen dioxide No2 isatsodiscussed briefty. elthough 
m e a s u r e m e n t s m o u t t o b e ~  . lesslikelythanthoseof 
No.ThisfeasibiMystudycompilesfundame~da;E8foftheopdical 
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and radiometric design of an airborne Fourier transform spectrom- 
eter and the preparation of in-flight measurements for monitoring of 
aircraft pollutants. Author (Herner) 

A9540862 
CHEMICAL COMPOSITION AND PHOTOCHEMICAL 
REACTIVITY OF EXHAUST FROM AIRCRAFT TURBINE 
ENGINES 
C. W. SPICER Battelle, Columbus, OH, US. M. W. HOLDREN 
Battelle, Columbus, OH, US, R. M. RlGGlN Eli Lilly and Company, 
Indianapolis. IN, US, and T. F. LYON General Electric Company, 
Evendale, OH, US Annales Geophysicae (ISSN 0992-7689) vol. 
12, no. 10-11 November 1994 p. 944-955 
(Contract(s)/Grant(s): FO8635-82-C-0131) 

Assessment of the environmental impact of aircraft emissions 
is required by planners and policy makers. Several areas of concem 
are: (1) exposure of airport workers and urban residents to toxic 
chemicals emitted when the engines operate at low power (idle and 
taxi) on the ground; (2) contributions to urban photochemical air 
pollution of aircraft volatile organic and nitrogen oxides emissions 
from operations around airports; and (3) emissions of nitrogen 
oxides and particles during high-altitude operation. The environ- 
mental impact of chemicals emitted from jet aircraft turbine engines 
has not been firmly established due to lack of data regarding 
emission rates and identities of the compounds emitted. This paper 
describes an experimental study of two different aircraft turbine 
engines designed to determine detailed organic emissions, as well 
as emissions of inorganic gases. Emissions were measured at 
several engine power settings. Measurements were made of de- 
tailed organic composition from C-l through C-17. CO, CO2. NO, 
NO(x) and polycyclic aromatic hydrocarbons. Measurements were 
made using a multi-port sampling pro be positioned directly behind 
the engine in the exhaust exit plane. The emission measurements 
have been used to determine the organic distribution by carbon 
number and the distribution by compound class at each engine 
power level. The sum of the organic species was compared with an 
independent measurement of total organic carbon to assess the 
carbon mass balance. A portion of the exhaust was captured and 
irradiated in outdoor smog chambers to assess the photochemical 
reactivity of the emissions with respect to ozone formation. 

Author (Hemer) 

(HTN-95-51277) Copyright 

A9540867 
POTENTIAL EFFECTS ON OZONE OF FUTURE 
SUPERSONIC AIRCRAFV2D SIMULATION 
R. RAMAROSON Office Nat. d'Etudes et de Recherches 
Aerospatiales, Chatillon, France and N. LOUISNARD Office Nat. 
d'Etudes et de Recherches Aerospatiales. Chatillon, France Annales 
Geophysicae (ISSN 0992-7689) vol. 12, no. 10-1 1 November 1994 
p. 986-995 Research sponsored by the French Ministry of Transport 
and the Committee Avion-Ozone 

In a previous work, the stratcspheric effect of a future supersonic 
aircraft fleet on ozone has been simulated, by using a photochemical 
diffusive 1 D model and a2D photochemical, radiative dynamical model. 
The fleet scenario was defined by Aerospatiale and Snecma for a 
current technology Mach-2 aircraft the models were limited to simpli- 
fied homogeneous phase reactions. The results indicated a global 
ozone decrease of about 1.5% in steady-state conditions. Now the 20 
model has been upgraded and includes the classical heterogeneous 
-s with pdar Stratospheric Clouds (Psc) and aerosol. It also 
takes into account the natural or anthopogenic evolution of the back- 
ground atmosphere. The scenario has been optimized to meet more 
reelistic conditions. Thus, new results are presented. The main condu- 
don concerning the calculated impact of a r e a t i i  fleet forthe next 20- 
50 years is still weaker than in the previous work: the decrease for the 
total ozone would always be lower than 0.3%. These results are 
commented, with the help of a parametric study, pointing out the 
importance of the background atmosphere and especially the total 
chlorine loading and the aerosol surface area. Author (Hemer) 
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AIRCRAFT: EFFECTS OF THE EMISSION SCENARIO 
G. PlTARl Univ. degli Studi, L'Aquila, Italy, S. PALERMI Univ. degli 
Studi, L'Aquila, Italy, and G. VlSCONTl Univ. degli Studi, L'Aquila, 
Italy Annales Geophysicae (ISSN 0992-7689) vol. 12, no. 10-11 
November 1994 p. 996-1 005 Research sponsored by the Italian 
Space Agency 
(HTN-95-51283) Copyright 

A pholochemical-transport two-dimensional model has been Used 
to assess the impact of a projected fleet of high-speed stratospheric 
aircraft using different emissions scenarios. It is shown that the 
presence in the background atmosphere of nitric acid trihydrate aero- 
sols is responsible for a lower stratospheric denoxification in addition to 
that caused by the sulfate aerosol later. This has the effect of further 
decreasing the relative role of the odd nitrogen catalytic cyde for ozone 
destruction, so that the lower stratosphere is primarily controlled by 
chlorine species. The effect of aircraft injection of nitric oxides is that of 
decreasing the level of CIO, so that the lower stratospheric ozone 
(below about 20-25 km altitude) increases. The net effect on global 
ozone is that of a small increase even at Mach 2.4, and is enhanced by 
adopting emission scenarios including altitude restriction at 15 or 18 
km. Reductions of the emission index (El) of nitric oxides below 
relatively small values (about 15) are shown to reduce the aircraft- 
induced ozone increase, because of the associated smaller decrease 
of CIO. This conclusion is no more valid when the emission index is 
raised at the present values (about 45). Author (Hemer) 

AS-80908 
IDENTIFICATION OF AVIATION WEATHER HAZARDS 
BASED ON THE INTEGRATION OF RADAR AND LIGHTNING 
DATA 
ANDREW D. STERN NOAA, Sterling, VA, US, RAYMOND H. 
BRADY, 111 NOM, Sterling, VA, US, PATRICK D. MOORE NOAA, 
Sterling, VA, US, and GARY M. CARTER NOAA, Bohemia, NY, US 
American Meteorological Society, Bulletin (ISSN 0003-0007) vol. 
75, no. 12 December 1994 p. 2269-2280 

The National Weather Service (NWS) Eastem Region is canying 
out a national risk-reduction exercise at the Baltimore-Washington 
Forecast Office in Sterling, Virginia. The primary objective of this p@ect 
is to integrate information from remote sensor technologies to produce 
comprehensive stateof-the-atmosphere reports that promote aviation 
safety. Techniques have been developed and tested to identify avia- 
tionoriented hazardous weather based on data from conventional 
radars, a national lightning detection network, and collateral observa- 
tions hwn new Automated Surface Observing System (ASOS) sites 
that are being deployed throughout the nation. Integration of informa- 
tion from several pmducts generated by the new Doppler radar at 
Sterling with lightning network data is being pursued for the second 
phase of the project. The National Weather Service will determine the 
viability of this approach to generate products to routinely supplement 
the information provided by ASOS on either a national or a local basis. 

Author (revised by Hemer) 

A9561648 
AERODYNAMIC PARAMETERS OF CROP CANOPIES 
ESTIMATED WITH A CENTER-OF-PRESSURE TECHNIQUE 
QIN WENHAN Academia Sinica. Beijing, China Acta Meteorologica 
Sinica (ISSN 0577-6619) vol. 52, no. 1 February 1994 p. 99-106 
In CHINESE 

The Center-of-Pressure technique (CPT), originally proposed 
by Thorn in 1971, is firstly verified in the field, based on the canopy 
architecture and microclimate data of four crops. The comparison of 
U* estimated by CPT with that by eddy-correlation method shows 
that CPT not only works well in the field, but also gives more steady 
and accurate results, which are hardly affected by atmospheric 
Stratification stability, than that of the logprofile fitting method which 
is frequently used in practice. In addition, a physical model for 
directly calculating d is approximately developed. The results yield 

IMPACT ON OZONE OF HIGH-SPEED STRATOSPHERIC 
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that the ratio of d. z(sub 0) to h. in general, varies with the canopy 
structure, turbulence intensity and the stability of flow above and 
within the canopy: dm increases with the increase of alpha (the 
relative height of the maximum foilage density layer) and gamma(& 
u) (the wind extinction coefficient withiin canopies). Only for short 
stem crops and when their canopies reach the moderate foliage 
density and stable structure. d and z(sub 0) approximately and 
steadily appmach to 0.64 h and 0.08 h, respectively. Besides, with 
verysparse or tall CIUPS. the fairly large stresses at the soil surface 
and miabilii of m undoubtedly inftuence the accuracy of CPT to a 
certain extent Author (&mer) 

N9W421V# NOI~I Oakota W.. orand FOIIC% ND. Oept d At- 
mospheric sciences. 
PRELIMINARY ANALYSIS OF UNIVERSrrY OF NORTH 
DAKOTA AIRCRAFT DATA FROY THE FIRE CIRRUS I F 0 4  
FiMl Report 
MICHAEL R. POELLOT 30 Mar. 1995 14 p 
(cOntraet(s)/Grant(s): NAG1-1351) 

A01 
The stated goab of the Fim ISCCP (International satellite 

Cloud Clirnatchgy Project) Regional Experiment (FIRE) are 'bo 
promote the developmentofinpnwed doud and radiatiar param- 
eterizationforuse in dimatemodels. andtoprwideforsssesJment 
and improvement of ISCCP pmjeds'. FIRE Phase 2 has focused on 
the formation, m a i n t e r n  and dissipation of am and marine 
stratoaanulus cloud sy!aems. These abjemes have been- 
P ~ t h m w h a a m b M m  ' of modeling, extended-bime obser- 
vations and intensive field abscnvation (IFO) periods. The wotk 
underthis grant was assodated with the FIRE C i m  IF0 2. This fieM 
measurement program was condllcted to obtain obsamwm ' o f  
cirmscknxlsystemsonamngeofscalesfromthesynaptictothe 
-*utilizing- meawrementsfromavarietyof 
grwnd-based. satellite sndairbame plafforms. 6ycombkring these 
remote and insitumeasmmmtsamorecompletepichaeddrnw 
systems can be obtained. The rde oflhe UniveFsity of North Dakota 
in Phase 2 was three-fdd: to collect in situ mbo@ysA . dataduring 
the Cirrus IF0 2; to process and archive these data; and to 
collaborate m analyses of IF0 data. This report will summarire the 

& periwmed - ~ gm 
detailed description of the data sets available and of the analyses 
arecontarned ' in the Semi-annual Status Reports wbmitbd to 
NASA. Derived from text 

N95-24274.1 National AeronauticS and Space Administration, 
Washington. Dc. 
THE ATMOSPHERIC EFFECTS OF STRATOSPHERIC 
AIRCRAFT: A FOURTH PROGRAM REPORT 
RICHARD S. STOLARSKI. ed. (National Aerwrautics and Space 
Adndnistretion. Goddard Space f l i  center. Greenbelt. MD.). 
HOWARD L. WESOKY. ed.. SEVEN C. WOFSY (Hatvard W.. 
cambridge, MA.), A. R. RAVISHANKARA (!Word oceanic and 
A- ' Administration. Boulder, CO.), JOSE M. RODRIGUEZ 
(Atmospheric and Environmental Research, h., Cambridge, 
MA), and WlLLlAM L. GROSE (National Aeronauaics and !&ace 
AdMistrabjon. -ley Research Center, Hampton, VA.) Jan. 

Thisdoarmentp~thefourthreportfrantheAtmospheric 
Eff- of stratogpheric Aircraft (AESA) component of NASA's High- - Research Program (HSRP). Market and mctmbgy amsid- 
~ralionscontinuetoprovideanimpetusforhighapeedcivytnnsport 
research.ArecentAESAintemassessmerdreportandareviewof - have shown that considera#o ' stigedsts 

has been des$ned to devekp the body d sckM=.k#Uuledge 
~ r y f o r t h e e v a l u a t i o n o f t h e i m p s c t o f ~  aircrafton 
the atmosphere. The first ~rogram report prcrsented the besic 
W m  end for AESA. This fourth report comes after the 
hlbI&fI assesSmentand sets forth dimctionsfwthe 1995 

(NASAGR-198038; NAS 126:198038) Avail: CAS1 HC AWMF 

&-d fiidirW & 

1995 234p 
(NASA-RP-1359 NAS 1.61:1359) Avail: CASI HC A l l M F  A03 

ebwtthepossiblsimpactdeiraanonthES.ThoAESA 

ment at the end of AESA Phase 1. It also sets forth the go& and 
directions for AESA Phase 2, as reported at the 1994 Atmospheric 
Effects of Aviation Project (AEAP) annual meeting held in June. 
The focus of the Phase 2 effort is to obtain the best possible closure 
on the outstanding problems identified in the interim assessment 
and NASAMRC review. Topics discussed in this report indude 
how high-speed civil transports (HSCT) might affect &&osphenc 
ozone, emissions scenarios and databases to assess potential 
atmospheric effects from HSCT's. calculated resutts from 2-D 
zonal mean models using emissions data, engine trace comtituent 
measurements. Aumor 

-2- 
USING DIGITAL FILTERING TECHNIQUES AS AN AID IN 
WIND TURBINE DATA ANALYSIS 
TERESA YOUNG Nov. 1994 9 p FVesenW at the A I M  Regim 
5 Student Conference, Ft. cdlins. CO. 21-24 Apr. 1993 

National ReneweMe Energy Lab., Golden. co. 

(C~~traCt(~)/Grar~t(~): DE-AC36-83CH-10093) 
(DE9441 1862; NREVTP-441-7077; CONF-9304280-1) Avail: 
CAS1 HC A02NF A01 

diffiadtduetotheenormityofthe database. Inthecaseafawind 
Reseam bnrdving very large sets of digw data is often 

anbineoperatktgundervaryhgtmimmmW~ . ,detemtbr- 
ingwhichdetearereplr rsen$l t iveof theblade~ . a n d  
~an3duetotransientflowingestianeftecsoremrrsminstnt- 
-,operation,anddata- . i s a f ~ a n c e m t o  
reseamhers. The National Renewable Energy L&mUory in Qdden. 
Cobradocollectedemdataonadammnd . homontalads 
windmWne(HAWT)aningabnbinetestprojectcalledtheCom- 
bined Experiment. A principel objmive ofthisexpwimmtwasto 
provide a means to predict H A W  aerodynamic, mechanical . .and 
e l e c t r i c a l o p e ~ k a d s b a s e d u p o n ~ ~ o f a e r o d y -  
narrdcperlamancerelatedtoMadedesignandinffowcorditions . In 
acdlaborativeeffortwithlheAerospaceEngineeringDeparbnentat 
the univerrity of colorado at Boutder, a team of regearchers has 
evolved and utilized various digital filtering techniques m analyzing 
the data from the Combined Experiment. A preliminary analysis of 
the data 88t wasperformedtodetermine howtobestepproachthe 
-The feduceddatasetemphasizedselectionofinRawcondi- 
tionswrchthattheaerodynanricdatacouldbeampareddireclfyto rrindbunneidsiaobiainedfior~sameairioiidesignmsusediwthe 

H A W S  blades. it will be shown that this reduced data set hss 
yieMedvelid,fePduc- * msuHsthetasimpleaveragingtechique 
or arandam selection approach cannot achieve. These findhrgs 
prwideasteMebaseliagainstwhichoperationalHAWTdatacan 
becornpared. DOE 

N95-248821 National Renewable Energy Lab.. Golden, CO. 
NREL AlRFOlL FAMILIES FOR H A W S  
J. L. TANGLER and D. M. SOMERS (Airfoils, Inc., State College. 
PA.) Jan.1995 l o p  
(ca\tract(s)/G~s): OE-AC3M3CH-10093) 
(DE- NRELffP-442-7109) Avail: CAS1 HC AOmF A01 

The developmentofspedal-pwposeairfailsforhorizontal-rvds 
wind turbines (HAWS) began in 1984 as a joint effort between the 
National R e n e w  Energy bboratory (NREL), forme* the Sder 
Energy Research InstiMe (SERI). and Airfoils, IncoqxmM. Since 
that time sew airfoil farrdlies hmve been designed for v a b  size 
rotors usinglhe Eppler Aim Design and Analysiscode. Agenwal 
performance requirement of the new airfoil families is that they 
exhibit a maximum l i  coefficient (c(sub 1.m)) which is reletivey 
insensitive to roughness effects. The airfoil temilies adlhss the 
- 0 f s w - W u - d . v  . *and- wind bn- 
bines. For&!aU-regulatbdmiwsadoni.betlerpeakgorwer 
thtwgh the design of tip airfoils that regbrdn the muximum lift 

~ m a x i m u m l i f t c o e f f i a e n t  . aWawsheuw,d 
more swept disc area for a givem gemator size. Also. for stall- 
regutated rotors. tip airfoits with high thickness are used toaccom- 
modate overspeed control devices. For variable-pitch and 
variable-rpm rotors. tipairfoilshavingahigh maximum liftcoeffident 
lend themselves to lightweight blades with kw sdidi. T i  airfoits 
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having low thickness result in less drag for blades having full-span 
pitch control. Annual energy improvements from the NREL airfoil 
families are projected to be 23% to 35% for stall-regulated turbines, 
8% to 20% for variable-pitch turbines, and 8% to 10% for variable- 
rpm turbines. The improvement for stall-regulated turbines has been 
verified in field tests. DOE 

N95-25110 EG and G Energy Measurements, Inc., Goleta, CA. 

PHOSPHORTEMPERATUREMEASUREMENTS 
BRUCE W. NOEL (Noel Associates, Espanola, NM.), W. DALE 
TURLEY. and STEPHEN W. ALLISON (Martin Marietta Energy 
Systems, Inc.. Oak Ridge, TN.) 1995 24 p Presented at the 
Remote Temperature Sensing Workshop, Cleveland, OH, 27-28 
Oct. 1994 Limited Reproducibility: More than 20% of this document 
may be affected by microfiche quality 
(Contract(s)/Grant(s): DE-AC08-93NV-11265) 

CAS1 HC A03 
The thermographic-phosphor (TP) method can measure tem- 

perature, heat flux, strain, and other physical quantities remotely in 
hostile and/or inaccessible environments such as the first-stage 
turbine components in turbine engines. It is especially useful in 
situations in which no other known method works well. This paper is 
a brief review of engine tests that demonstrated the utility of the TP 
method. For the most part, the results presented here are discussed 
only qualitatively. The papers in the bibliography describe these and 
other experiments and results in detail. The first viewgraph summa- 
rizes the many desirable features of the TP method. The second 
viewgraph describes TPs, and the third summarizes how the TP 
method works. To measure singie-point temperatures in turbine- 
engine applications, we use the decay-time method, which depends 
on the fact that the luminescence following an impulse of ultraviolet 
excitation decays, with a characteristic decay time that is a mono- 
tonically decreasing function of temperature over some range of 
temperatures. The viewgraph is a set of calibration curves showing 
the behavior of some useful emission lines for ten important TPs. 
Consider LuP04:Eu as an example. Below the 'quenching' tempera- 
ture near 900 K, the decay time is nearly constant. Above it, the 
decay time decreases exponentially with the temperature. This 
strong functional dependence means that one can have a fairly large 
error in the lifetime measurement, as in environments with poor 
signal-to-noise ratios (SNR's), yet still obtain high accuracy in the 
temperature measurement. Our more-recent data up to 1900 K show 
the same behavior. DOE 

TURBINE-ENGINE APPLICATIONS OF THERMOGRAPHIC- 

(DE95-003625; EGG-1 1265-301 1; UC-706; CONF-9410259-1)A~ail: 

N95-26005# Radian Cop., Research Triangle Park, NC. 
NITROGEN OXIDE EMISSIONS AND THEIR CONTROL 
FROM UNINSTALLED AIRCRAFT ENGINES IN ENCLOSED 
TEST CELLS: JOINT REPORT TO CONGRESS ON THE 
ENVIRONMENTAL PROTECTION AGENCY - DEPARTMENT 
OF TRANSPORTATION STUDY Find Report 
Oct. 1994 196 p Prepared in cooperation with Energy and 
Environmental Research Corp., Durham, NC Sponsored in coopera- 
tion with FAA 
(Contract(s)/Grant(s): EPA-68-D1-0177) 

The report was submitted to the Congress under mandate of 
Section 233 of the Clean Air Act Amendments of 1990. The report 
provides a characterization of aircraft engine test cells and their 
emissions. Various NOx control technologies that have been ap- 
plied to combustion sources other than test cells are examined in the 
report for their applicability to test cells. Effects of NOx controls on 
the aircraft engine and aircraft engine test are also addressed. 
Finally, annual emissions from test Cells are estimated and com- 
pared to total NOx emissions in the applicable ozone non-attainment 
areas. NTlS 

(PB95-166237; EPA/453/R-W068) Avail: CAS1 HC AWMF A03 
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N95-26090# National Renewable Energy Lab., Golden, co. 
WIND TECHNOLOGY DEVELOPMENT: LARGE AND SMALL 
TURBINES 
R. W. THRESHER, S. M. HOCK, R. R. LOOSE, and P. GOLDMAN 
Dec. 1994 13 p Presented at the Power Generation Conference, 
Orlando, FL, 7-9 Dec. 1994 
(Contract(s)/Grant(s): DE-AC36-83CH-10093) 

HC A03/MF A01 
Wind technology has developed rapidly over the last decade 

with the design and development of advanced systems with im- 
proved performance, higher reliability, and lower costs. During the 
past several years, substantial gains have been made in wind 
turbine designs, lowering costs to an average of SO.O%Wh while 
further technology development is expected to allow the cost to drop 
below $0.04/kWh by 2000. As a result, wind is expected to be one 
of the least expensive forms of new electric generation in the next 
century. This paper will present the technology developments for 
both utility-scale wind turbines and remote, small-village wind tur- 
bines that are currently available or in development. Technology 
innovations are being adapted for remote and stand-alone power 
applications with smaller wind turbines. Hybrid power systems using 
smaller 1 to 50 (kW) wind turbines are being developed for non-grid- 
connected electrical generation applications. These village power 
systems typically use wind energy, photovoltaics, battery storage, 
and conventional diesel generators to power remote communities. 
Smaller turbines are being explored for application as distributed 
generation sources on utility grids to supply power during periods of 
peak demand, avoiding costly upgrades in distribution equipment. 
New turbine designs now account for turbulence-induced loads, 
unsteady aerodynamic stall effects, and complex fatigue loads, 
making use of new technology developments such as advanced 
airfoils. The new airfoils increase the energy capture, improve the 
operating efficiency, and reduce the sensitivity of the airfoils to 
operation roughness. Electronic controls are allowing variable rotor 
speed operation; while aerodynamic control devices, such as aile- 
rons and flaps, are used to modulate power or stop the rotor in high- 
speed conditions. These technology trends and future turbine 
configurations are being sponsored and explored by the U.S. 
Depament of Energy's Wind Energy Program. DOE 

(DE95-000286; NREUTP-440-7224; CONF-941210-2) Avail: CAS1 
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MATHEMATICAL AND COMPUTER SCIENCES 

includes mathematical and computer sciences (general); computer 
operations and hardware; computer programming and software; 
computer systems; cybernetics; numerical analysis; statistics and 
probability; systems analysis; and theoretical mathematics. 

A9579238 
QUANTITATIVE COMPARISON BETWEEN 
INTERFEROMETRIC MEASUREMENTS AND EULER 
COMPUTATIONS FOR SUPERSONIC CONE FLOWS 
T. A. W. M. LANEN Delft Univ of Technology, Delft, Netherlands, E. 
M. HOUTMAN, and P. G. BAKKER AlAA Journal (ISSN 0001-1452) 
vol. 33, no. 2 February 1995 p. 210-216 refs 

Dual-reference-beam, plane-wave digital holographic interfer- 
ometry has been applied to obtain quantitative Interferometric data 
in the three-dimensional Supersonic flow over circular cones. The 
interferometdc data are compared quantitatively on a twoaimen- 
sional grid with the postprocessed results of an Euler code that 
simulates three-dimensional inviscid compressible flows. The com- 
parison invdves two different combinations of cone angle and angle 
of incidence. The maximum deviations between the interferometric 
data and the numerical data are found to lie in the error interval 
(-2.0%, +2.0%). Author (El) 

(BTN-95-EIX95222650782) Copyright 
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A95-80405' Jet Propulsion Lab., California Inst. of Tech.. Pasa- 
dena, CA. 
THE CASSINI SPACECRAFT: OBJECT ORIENTED FLIGHT 
CONTROL SORWARE 
JOHN C. HACKNEY Jet Propulsion Lab.. California Inst. of Tech.. 
Pasadena, CA. US, DOUGLAS E. BERNARD Jet Propulsion Lab., 
California Inst. of Tech., Pasadena, CA. US, and ROBERT D. 

dena, CA, US In ouidanoe and control. 1993; Annual Rocky 
Mountain Guidance and control CMlferenCe, 16th. Keystone. CO, 
Feb. 6-10.1993. A95go389 San D@o. CA Americen Astror\au- 
t i c a l ~ ( ~ i n t h e A S t r 0 n a u b  'cal Sciences. Vol. 81) 
(Issruoo65-3438) 1893 p.211-236 
CoPyriaM 

ThecasshiAt t ihdeandAt i imwhcamd~(AAcs)  
isrespons#efor . .  andcamdlingIhespaceaaRatlihde 

poinbjnsduing vekcitychange maneuvers.The 12yearmission sle. 
long Iumd-m lighttime. and - periods of- - 
conbinuousgrandcontroldriveIheAACSIlight-designinthe 
d r e c t i a s o f ~ , f a u # t d e r a n c e . a n d ~ b -  
d a t e p t a m e d u p g r a d e s i n ~ n l e ~ A A C S r n S o m w e r e i s  
depictedininxeasingkwelsofdebilusingaCoaax!Diegram 
Architechrre Diagams @e.. Depmdmq Diagrams). an Object Dis 
gramforeachobjea,andaStatechart(i.e..Siat%TmsilionDiagmn) 
foreachobjed.Thedeteilcordeinedinthediagramsk~and 
refined during lhe Fkquimnem adDesignPhesesdmSllb- 
~andsonwareDevekpnntExamplesdallihedagamsas 
weUastheuiteriaforobjectsdedion,the~dsmed-m& 
a n d t h e e a s e o f m o d f y i n g i h e d e s i g n t o - ~ h  
scopearedesaibed. Author (revised by Hemer) 

RASMUSSEN Jet PropUlsion Lab., California Inst. of Tedr., Pasa- 

indueli.le- x, antema pointing, end thnst- 

A9541079 
ON-UNE LEARNING NONLINEAR DIRECT 
NEUROCONTROUERS FOR RESTRUCTURABLE 
CONTROL SYSTEMS 
MARCEUO R. NAPOLKANO West Virgma Univ, Morgantown, 
WV, United States, SrrVE NAYLOR. CHARLES NEPPACH. and 
VAN CASOORPH Journal of Guidance, Control. and Dynanrics 
(ISSN 0731-5090) vol. 18. no. 1 January-Febtuafy 1995 p. 170- 
776 refs 
(BTN-95-EIX952426707SS) CopyrisM 

Thispaperdescribesanimovatjvaapproachtothe problemof 
the on-line determination of a control taw in order to achieve a 
dynamic reconfiguration of an aircraft that has sustained exkmsive 
damage toa vital control wrfeoe. The approach consists ofthe use 
of on-line learning neural nehrvork controllers that have the cap&bility 
of bringing an aircraft. whose dynamics can become unstable after 
a substantial damage, -to an eguifibfium cadition.This god 
hasbeenachievedthroughthe useofaspecifictrainAlgaJpith. 
h8XlendedbaCk-p ' algorithm (EBPA). and proper#dec- 
tion of the a m i i w t h e  nectral network controllefs. The 
EBPAhasracentlyshom,rcwnarkableimprorementsmrtheback- 
propagation algorilhm in t e r n  of convergence tbne and kcel 
minimumproblems. The methodology is iUustraEedthroughanonli 
ear dynamic sirnulabion ofa  typical combat maneuverfora high- 
-airaaft Author (El) 

A9561081 
APPUCATION OF DIRECT TRANSCRIPTION TO 
COMMERCIAL AlRCRAFr TRAJECTORY OPtlMKATlON 
JO" T. BETTS Boeing Computer services. Seatiie. WA. United 
S ~ ~ = ~ ~ ~ E V I N J . C R A M E R  ~armalof~jdma,  * Cadd.  ad 
DVnemics(ISSN0731-5090) VOl.18.n0.1 JanuSry-F&~~~1985 
p. 151-159 refrs 
(eTN-ss-EIX9524267om) cowrgm one of the m e f f e c t i v e  nunerical techdqmforme sokrtion 
oftraiecaMyoptimhation and OptimalCfJntrd problemsisthe direct 
trarrsMiptionmethod.Thisapproachcombinesa -Program- 
mhrsalgorithmwithadisaetiration o f t h e ~ d y n e m i c s .  

rewfblng mathematical prograrrming P- is 8ohfed 

using a sparse sequential quadratic pr0grananiW algorithm. the 
technique produces sobtions very rapidly and has de-& 
Considerable robustness when applied to atmospheric and orbital 
trajectories. This paper describes the application of the direct 
tmnscriptiontshnquetohoptimaldesignof acommeraal .airagft 
traiectory, subject to realistic constmints on the aircraft flight path. 
A primary rem of the paper is todemomtmte thatthe tmmmpbm 
fomwlation leads to a very natural trea!mnt of realistic Federal 
Aviation Administration (FAA) imposed path combmts ' withina 
h@fidelitysimulation. Asecondimportantrasuft istod€mmwaw 
that model- tabular data using WTlOoth approximations signifi- 
canny improves the speed of convergence. - (El) 

A%-61oIu) 
IMPACT OF NEAR-COINCIDENT FAULTS ON MGITAL 
FLIGHT CONTROL SYSTEMS 
CRlSTlAN CONSTANTINESCU Duke Univ, Dumam, NC. United 
States J O U ~  of Guidence. control. and Dynarrrics (ISSN 0731- 
5090) Vd. 18, no. 1 January-February 1995 p. 102-107 refs 
(BTN-95-EIX95242670759) COpyrQht 

. .  

Theeffectsofnearcoinddent fadtsmustbetakenintoaaxnsrt 
indesisninghighlyreliaMedigitaltli#ltcon$dsy5tems.lnthispaper 

faultfacemaredefived. basdon thebehaviaal decanpogborJ 
aggregalionwhniqueandMarkov~oftheCARE3coverage 
model. Parameters ofhe  model are assunedtobeeltponenOially 
diibuted.The innuence offeultdetecwl rate, faultdaec&wy* 
enor production and propagation rates, 8mu . .and 
t l a n s h t t a u l v e m n ~  . fateonthenearcoinddent Wfeo 
tors is^ . Evenbie#y, a homogeneous. continuas-lkne 
Markov chain is used tor dsdbing a W modular redundant 
(TMR) system. The nearaincbnt fauftfaclorsareemployedtor 
analyzing the effect of the interfering faultson reiiabisty ofthe TMR 
oomputer. system r e l i l i  and nearcoincident fault unreliabii 
are platted as functions of mission time, fault detectability, and 
weight of permanent and eensientfaultlem. The impect of near- 
~nttaultscenbecurtiedbyincreasingfaultdetectability.That 
impact is also lower when the percentage of transients is higher. - (El) 

M i i m  
ROBUST DYNAMIC INVERSION FOR CONTROL OF HIGHLY 
MANEUVERABLE AIRCRW 
JACOB REINER Univof M i  Minneapolis, MN. U n i i  States, 
GARY J. BALAS, and WILLIAM L. GARRARD Joumal of Guidance, 

FebNary1995 p. 18-24 refs 

Thii paper presenk a methodology for the design of f l i  
controllers fwairaaftoperating over ~ Q B  ranges of angle of attadr. 
The-isacombinationofdynamicinversionandstnrc- 
hrred singutar vahm (mu) synthesis. An imer-loop contrdler, de- 

This innerkopamtdler ledcs gmmbd rdxmmssto uncemn- 
tiesinthesystemmodelandthemeasurements;therefore,arobust. 
linear outer-loop controller k designed using mu symhesis. This 
cMrdler minWzes the weightd H(sub infinity) norm ofthe 8m)r 

between the aimraft responseand the spedfied m g  quality 
model while maximhing mblstness to model uncertainbies and 
sensor noise. The mehdologyisappliitothe design of apitch 
ratecanmandsystemforkngihrdinalcontrdofahigh-perfonnance 
a i r r r e f t N o n l i ~  . demonstrag, thatthe conbuuer setis- 
fies handling SWW requirements. provideagoodtraddngofPi&Jt 
inputs. and exhibits excellenttahstms over a wide range of 
anglesofaUackandMachnunber.Thelkrearcontroiierrequiresno 
scheduling with flight cortdbm. Aumor (El) 

. .  
d c # r e d - f a m ~ f o r ~ a n d w d t r w s i e n t n e e r c o n a d e n t  .. 

Contrd, and Oynamics (ISSN 0731-5090) vol. 18. M). 1 

( B T N - S S - E I X )  Copmht 

Jan- 

-by-- ,isusedtoiineeritet--. 

A95-01153 
FAULT DETECTION IN MULTIPROCESSOR SYSTEMS AND 
ARRAY PROCESSORS 
MARK G. KARPOVSKY Boston Univ cdl of Engineering, Bosttm. 
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MA, United States,TATYANA D. ROZINER, and CLAUD10 MORAGA 
IEEE Transactions on Computers (ISSN 0018-9340) vol. 44, no. 3 
March 1995 p. 383392 refs 
(BTN-95-EIX95242679097) Copyright 

Off-line testing of large multiprocessor networks or VLSl chips 
with many outputs requires a large volume of memory for reference 
data storage. Space compaction combined with time compression of 
test responses can essentially reduce an over-head required for 
testing and diagnosis. In this paper, we discuss the problem of 
optimal design for space compressors (compactors), to minimize 
the number of observation points for detection of single faulty 
components in multiprocessor networks. A space compactor is 
assumed to be followed by a time compressor, to detect a fault not 
necessarily manifesting itself for a single test pattern. We formulate 
the rules of design for a space compaction matrix for the topology of 
the circuit-under-test (CUT) modeled by an arbitrary acyclic graph. 
Tree arrays and Fourier transform networks are considered as 
examples. The lower and upper bounds on the number of space 
compactor outputs are obtained, and optimal space compaction 
matrices are determined for above mentioned CUT topdogies. 
Simple procedures for design of off-line testing devices with built-in 
self-testing are presented. Estimations on a complexity of proposed 
designs are given. Author (El) 

N95-25264V Air Force Academy, CO. 
APPLICATION OF NEURAL NETWORKS TO UNSTEADY 
AERODYNAMIC CONTROL 
WILLIAM E. FALLER, SCOTT J. SCHRECK, and MARVIN W. 
LUITGES (Colorado Univ.. Boulder, CO.) In JPL, A Decade of 
Neural Networks: Practical Applications and Prospects p 107-126 
11 May 1994 
Avail: CAS1 HC A03/MF A03 

The problem under consideration in this viewgraph presenta- 
tion is to understand, predict, and control the fluid mechanics of 
dynamic maneuvers, unsteady boundary layers, and vortex domi- 
nated flows. One solution is the application of neural networks 
demonstrating closed-loop control. Neural networks offer unique 
opportunities: simplify modeling of three dimensional, vortex domi- 
nated, unsteady separated flow fields; are effective means for 
controlling unsteady aerodynamics; and address integration of 
sensors, controllers, and time lags into adaptive control systems. 

CAS1 

N95-25797'# Overset Methods, Inc., Los Altos, CA. 
THE COUPLING OF FLUIDS, DYNAMICS, AND CONTROLS 
ON ADVANCED ARCHITECTURE COMPUTERS Final 
Report, 1 Jun. 1994 - 31 May 1995 
CHRISTOPHER ATWOOD May 1995 32 p Original contains color 
illustrations 
(Contract(s)/Grant(s): NCC2-799) 
(NASA-CR-197727; NAS 1.26:197727) Avail: CAS1 HC AOWF 
A01 ; 1 functional color page 

This grant provided for the demonstration of coupled controls, 
body dynamics. and fluids computations in a workstation cluster 
environment; and an investigation of the impact of peer-peer com- 
munication on flow solver performance and robustness. The findings 
of these investigations were documented in the conference 
articles.The attached publication, 'Towards Distributed FluiddCon- 
trols Simulations', documents the solution and scaling of the coupled 
Navier-Stokes, Euler rigid-body dynamics, and state feedback con- 
trol equations for a two-dimensional canard-wing. The poor d i n g  
shown was due to serialized grid connectivity computation and 
Ethernet bandwidth limits. The scaling of a peer-&per communi- 
cation flow code on an IBM SP-2 was also shown. The d i n g  of the 
code on the switched fabric-linked nodes was good, with a 2.4 
percent loss due to communication of intergrid boundary point 
information. The code performance on 30 worker nodes was 1.7 
(mu)s/pointliteration, or a factor of three over a Cray C-go head. The 
attached paper, 'Nonlinear Fluid Computations in a Distributed 
Environment', documents the effect of several computational rate 
enhancing methods on convergence. For the cases shown, the 
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highest throughput was achieved using boundary updates at each 
step, with the manager process performing communication tasks 
only. Constrained domain decomposition of the implicit fluid equa- 
tions did not degrade the convergence rate or final solution. The 
scaling of a coupled bodylfluid dynamics problem on an Ethernet- 
linked cluster was also shown. Derived from text 

N95-25803'# Texas Technological Univ., Lubbock, Tx. 
A BRIEF SURVEY OF CONSTRAINED MECHANICS AND 
VARIATIONAL PROBLEMS IN TERMS OF DIFFERENTIAL 
FORMS 
ROBERT HERMANN 
Planning 15 p 
Avail: CAS1 HC AOWF A03 

There has been considerable interest recently in constrained 
mechanics and variational problems. This is in part due to applied 
interests (such as 'non-hdonomic mechanics in robotics') and in 
other part due to the fact that several schools of 'pure' mathematics 
have found that this classical subject is of importance for what they 
are trying to do. I have made various attempts at developing these 
subjects since my Lincoln lab days of the late 1950s. In this Chapter, 
I will sketch a Unified point of view, using Cartan's approach with 
differential forms. This has the advantage from the C-0-R viewpoint 
being developed in this Vdume that the extension from 'smooth' to 
'generalized' data is very systematic and algebraic. (I will only deal 
with the 'smooth' point of view in this Chapter; I will develop the 
'generalized function' material at a later point.) The material pre- 
sented briefly here about Variational Calculus and Constrained 
Mechanics can be found in more detail in my books, 'Differential 
Geometry and the Calculus of Variations', 'Lie Algebras and Quan- 
tum Mechanics', and 'Geometry, Physics and Systems'. Author 

N95-258052 Texas Technological Univ., Lubbock, TX. 
HOW TO FLY AN AIRCRAFT WITH CONTROL THEORY AND 
SPLINES 
ANDERS KARLSSON In its Hierarchical Control and Trajectory 
Planning 108 p 31 Dec. 1994 
Avail: CAS1 HC AOG/MF A03 

When trying to fly an aircraft as smoothly as possible it is a good 
idea to use the derivatives of the pilot command instead of using the 
actual control. This idea was implemented with splines and control 
theory, in a system that tries to model an aircraft. Computer 
calculations in Matiab show that It is impossible to receive enough 
smooth control signals by this way. This is due to the fact that the 
splines not only try to approximate the test function, but also its 
derivatives. A perfect traction is received but we have to pay in very 
pea4 Control slgnals and accelerations. Author 

NQ5-25894# Llnkoeping Univ. (Sweden). 
ASPECT ESTIMATION OF AN AIRCRAFT USING LIBRARY 
MODEL SlLHOUElTES 
A. IAUBERTS Jun. 1994 23 p 
(PB95-141834; FOA-C-30763-8.4.3.4) 
A01 

This matching method uses a library of silhouettes of a model 
aircraft with 512 uniformly distributed orientations. The library con- 
tains silhouettes of aircraft aspects stored as chain code in a look- 
up table. Scaled model silhouettes are matched to a distance 
transform map of the object silhouette. The scaling is according to 
the apparent major diameter, being a relatively rotation invariant 
quantity. After translation to a common center of area, the silhou- 
ettes are rotated in discrete angular steps until best fit model-object. 
The best matched views. constrained within a small group of nearby 
aspect directions, are added vectorially using inverse fit errors as 
weights to yield an optimum aspect direction. The corresponding 
aspect angles define the model orientation, and therefore give an 
estimate of the object orientation. Optionally, radar gives position 
and velocity of the object, restricting the number of possible views. 
However, only the aspect matching method supplies the instanta- 
neous 3D orientation needed for accurate prediction of an evasive 

In its Hierarchical Control and Trajectory 
31 Dec. 1994 

Avail: CAS1 HC AOWF 

flight maneuver. NTlS 
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N95-26085Y InstiMe for Computer Applications m Science and 
Engineering, Hampton, VA. 
CUMULATIVE REPORTS AND PUBUCATlONS THROUGH 
DECEMBER 31,1994 Final Report, 1975 - Doc. 1994 
Hampton, VA NASA Mar. 1995 109 p 

14472; RTOP 505-90-52-01) 

A02 
Thisdoaanentantainsacanplete list of InstiMefacOm- 

puter Appliitiors in sdence and Engineering (CASE) repnts. 
SinwlCASErepatsareinmdadbbepreprintsofaItidesthatwill 
appear in joumels or conference pmadmgs . .thepublishedrefer- 

. enceisindudedwhenitisavailable. Author 

N95-26330 Polish Academy d scienoea. Warsew (pdand). tnst. 
of Basic Pmbiems of T-. 

(contract(~yGr~M(~): NASI -1 9480; NASI -18605; NAS1-17070; 
Wl-17130; NAS1-15810; NAS1-16394; NAS1-14101; NAS1- 

(NASA-CR-1950433 NAS 126:1!?5043) Avail: CAS1 HC MGIMF 

ACTUATING SIGNALS IN ADAPTIVE CONTROL SYSTEMS 
[SYGNALY POBUDUWACE W ADAPTACYJNYCH 
UKLADACH STEROWANIA] 
DARIUSZJANECKI 1994 leOp InPOLISH 
(ISSN 02ossssS) 
(Im-131994) Avail: lsaring Activity (polish Acedemy of Sci- 
e m s .  warsaw. pdand) 

conholsystemsand dtrsaibesthemethods usedtoanalyze these 
system. Theeuthor places partialaremphasisonthetheoretical 

of adaptive systems, especwy on the signifkame of uniform 
actuation of a cartroaed system for the properties in question. In 
additiontoeexistngnrsotts~arealreedyrootgdinthefheory.the 
author presents new resrltsarncemingthe immunityofadapthre 
systems publiihed forthe tbsttme. The author suppmem and 
illustrates his theoretical scUion6 with an example d¶he used 
adaptive controllers to control ltm vibrations of flexible rotors. 

Transl. by S C W  

This dissertation di-the properdies ofselectedadaptive 

Problemsessodated WiththeSEebwty. carve-, and Lnnunity 

16 
PHYSICS 

ics; nudear and high-energy physics; optics; plasma physics; solid- 

AS79988 
IMPACT, FRICTION, AND WEAR TESTlNG W 
MICROSAMPLES OF POLYCRYSTALLINE SILICON 
ABRAHAM P. LEE W i  Univ.. Berkeley, CA. US, ALBERT P. 
PISAN0 C a l i  Univ., Bwkdey, CA. US. and MARTIN 0. UM 
XeroxPaloAltoResearch~.PaloAlto,CA.uS In smart 
materieh f3bliCatbn and materials fw 
~ ; s y m p o s i L l m P ~  . ,SanFrandsco,CA.Apr.28-30, 
1992. A95-79980 PitWwgh, PA Materials Research sodety (MRS 
~ymposiumRoceedngs . ,Vd.276) (ISSN0212-9172) 1992 p. 
67-78 

hchJd= Physics (general); - . ;~candmolear la rphys-  

state physics; and UtermOdynamKs . andstatisticel Physics. 

C o p m  

~~,andweartestingofpdycrystellinesilicon(pdysilicon) 
based- icalstnrchtres.Impect-frictknaffuated 

-.-reswrant~areretractsdbyeledro&etic 

- b y ~ f o r c e s ~ r c l t e d b y # d e d k a a n ~ X -  
ufes at- rangingfrom 10 lrHzto2okHz.maequence 
generidesnonnalimpactandtangentialtricakncartact-the 
twomcrogtruchr m* raising WearCMIcBm. Twosorts dimpaatest 

This paper gives en overview ofthe recent developnentsin 

miaomechanicrms f c m  a new type of achnrtors. In this type Or 

comb drives and are propelled forward towcvd h e  actuated 

StrUchrreS are introduoed in this paper. One with a reoonantmiao 
anPea bumper (MIB) striking astetionary impactwall anchoredon 

the substrate. Another is a testing of two MI& driven to impact each 
other. Two types of impact actuators are also described, an 
actua!ed micro angular d l a t o r  (MAO) and a pdysiliicon mum 
vibrornotor. The vibromotor is a rotor driven by oblique impact on the 
rim by a converter pointer lip attached to a lateral resonator. Some 
initial results of impact wear testing as well as static and dynamic 
friction done by researchers m the field are atso described in the 
paper. Finally. many areas where material sciemtW can contribute 
tothisfieldaresuggested. Aulhor (Hemer) 

A9580633 
LASER DEVICE FOR MEASURING A VESSEL'S SPEED 
A. 2. ZURABYAN S.I. Vevilov SW& optical Inst.. St. Petersburg. 
Russia, V. K. KACHURIN S.I. Vavilov State Optical Inst., St. 
Petersburg. Russia, and V. A. YAKOVLEV S.I. Vavibv State opliarl 
Inst, St. Petersburg, Russia Journal of Optical Tcdmokgy (ISSN 
1070-9762) vd. 61, no. 10 October 1994 p. 738-740 
("-95-60992) cowriam 
mining the speed of vessels (shipsandseaplanes) with respectto 

cmated. Results are plssemd of fu#-scale tests of the msldlhg 

This paperconsiders anewremate optical method for deter- 

the water sufface. Theerrorinmeasuringthespeedisestimated. 
andadsscriptia, isgivenofapmtotypafthedevicethathasbeen 

laser device for meaming a vessel's speed. ktthor (Herner) 

A95-01690 
EMPIRICAL CORRECTIONS OF THE RIGID ROTOR 
INTERACTlON POTENTIAL OF Hz-H2 IN THE ATTRACTIVE 
REGION: DIMER FEATURES IN THE FIR ABSORPTION 
SPECTRA 

@w--jA-Pm= ' (ISSN0004-6361) vd.284, 
J. SCHAEFER Max-Planclr-lnstiM fuer Astrophysik. OarCtring. 

m.3 April1994 p.1015-1025 
("-9541943) copyrism 

An improved rigid ropotpoten!ial ofthe H2-H2 system has been 
determined for reproducing measured quanbjties which are espe- 
cially smsitim to the MI non-spherical interaction in the ettractive 
region. The leading potential terms have been fitted one after the 
other: the isab'opic term V(mb OOO) has been adapted to two mtsd 
m Q a s 4 m d ~ v i r i a l ~  O f p a m - W . E @ ~  w 
to2OoKtheenisotroplc . tenn V(Sub 022) (=V(Sub 202)) has been 
adepted~reproduce-hypehe-frequenaea - o f  
the ortho-H2 - para-H2 dimers observed in a mdearlarbwm 
magnetic resonance experiment by Vefbeme (1979) and Vetbeme 
&I Reuss (1 980,1981 ), and additional obsenred data farthe ortho+@ 
-Ortho-H2dime~havebeenUSedtD~¶he~quadnrpoleguadru- 
pole interaction tern V(sub 224) as a. SaWying quentitelhre 
agreement hasbeen achieved inall these-. Themnsithm (rather 
small) empirical imprwemems ofthe arrisotroplc --lpans 
provide now imprwed dimer binding enwgies. The possiMe dimer 
oeahaesinthefarArhared(lessthan3o/an)spednnnhydrogengas 
atverywtemperflhre-shownbydiscussingafewexamples. 
undertherrssunpbon o f d k n e ~ e q u i i i b r i u m : n O n n a c H 2 a t 2 0  
K, equilibrknrrH2 et60 and 120 K, and ahiglrlyspearlehve - m o d e s  
ofcoldinbrstdlarmokdarhydrogenatabout5K. krthor(mr) 

NgS-248TFX GeorgieT~ResearchI~~&.Atiantn,oA kous- 
tics. AemdynamKs . ,andMvancedvehidesDiv. 
EFFECTS OF CAVITY DIMENSIONS, BOUNDARY LAYER, 
AND TEMPERATURE ON C A W  NOISE WITH EMPHASIS 
ON BENCHMARK DATA TO VALIDATE COMPUTATIONAL 
AEROACOUSTICCODES 
K.K.AHWAandJ.MENDOU Apr.1995 2 f 8 p  

(NASACR4653, "3 
(*smr: NAs1-19061; RTW 505-5852-01) 

Avail: CAS1 HC A l W F  A03 
T h i s ~ ~ t h e r e s u l t s o f m e ~ ~  

lion on the response ofacavityto external ftowfielbs.The primary 
objective oflhii research wasto acquire benchmark of data on the 
effectsofcevity length. width. depth. upslmamtmndarylayer. and 
flow temperatureon cavitynoise. These data were to be usad for 
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validation of computational aeroacoustic (CAA) codes on cavity 
noise. To achieve this objective, a systematic set of acoustic and 
flow measurements were made for subsonic turbulent flows ap- 
proaching a cavity. These measurements were conducted in the 
research facilities of the Georgia Tech research institute. Two cavity 
models were designed, one for heated flow and another for unheated 
flow studies. Both models were designed such that the cavity length 
(L) could easily be varied while holding fixed the depth (D) and width 
(W) dimensions of the cavity. Depth and width blocks were manufac- 
tured so that these dimensions could be varied as well. A wall jet 
issuing from a rectangular nozzle was used to simulate flows over 
the cavity. Author 

N95-25004t National Aerospace Lab., Tokyo (Japan). Control 
Systems Div. 
PRELIMINARY EXPERIMENTS OF AN OPTICAL FIBER 
DISPLAY 
KAORU WAKAIRO, AKlRA WATANABE, and HIROYASU 
KAWAHARA Jan. 1995 20 p In JAPANESE 
(ISSN 0389-401 0) 
(NAL-TR-1257) Avail: CAS1 HC A03NF A01 

At the National Aerospace Laboratory. the technological feasi- 
bility study of a dome screen display, which is able to give simulator 
pilots a very wide field of outside view, has been conducted. To 
provide this wide field of view, we designed a new display screen 
which itself could emit the light. We call this kind of screen 'a self- 
luminescence display.' For the self-luminescence display, we can 
use not only a CRT or a liquid crystal display, but also optical fibers. 
To investigate the applicability of plastic fibers for a self-lumines- 
cence display for use in flight simulators, we prepared a trial display. 
We made two displays of the same size, both of which were 900 mm 
in height and 1200 mm in length. The fiber's diameter is 0.75 mm, 
and the total number of fibers is 34,400 per display. We tested the 
validities of a fiber display and reached the following conclusions: (1 ) 
brightness is sufficient; (2) angle of view is limited and too narrow for 
practical use; and (3) picture quality is inferior. Author 

N95-25978# International Centre for Theoretical Physics, Trieste 

DYNAMICS OF PHASE ORDERING OF NEMATICS IN A 
PORE 
A. BHAlTACHARYA, M. RAO, and A. CHAKRABARTI (Kansas 
State Univ., Manhattan, KS.) Jun. 1994 16 p 
(DE95-607662; IC-94/138) Avail: CAS1 HC A03NF A01 (US Sales 

We study the kinetics of phase ordering of a nematic liquid 
crystal, modeled by a spin-rotor Hamiltonian, conflned within a 
parallel piped pore. The dynamics of the rotor obeys the time- 
dependent Ginzburg-Landau equation. We Study the generation and 
evolution of a variety of defect structures, and the growth of 
domains, with different anchoring conditions at the pore surface. 
Unlike in binary fluids, mere confinement with no anchoring field, 
does not result in slow dynamics. Homeotropic anchoring, however, 
leads to slow logarithmic growth. Interestingly, homogeneous an- 
choring dynamically generates wall defects, resulting in an lsing like 
structure factor at late times. DOE 

(Italy). 

Only) 

NS5-26015' Natlonal Aeronautics and Space Administration. Ames 
Research Center, Moffett Field, CA. 
ANGULAR DISPLACEMENT MEASURING DEVICE Patent 
H. LEE B. SEEGMILLER. inventor (to NASA) 11 Aug. 1992 7 p 
Filed 10 Oct. 1991 
(NASA-CASE-ARC1 1937-1 ; US-PATENT-5,137,353: US-PATENT- 

APPL-SN-774490; US-PATENT-CLASS-356-152; US-PATENT- 
CLASS-356-34; US-PATENT-CLASS-250-225; INT-PATENT- 
CLASS-GO1 B-11/16) Avail: US Patent and Trademark Office 

A system for measuring the angular displacement of a p i n t  Of 
interest on a structure, such as aircraft model within a wind tunnel, 
includes a source of polarized light located at the point of interest. 
A remote detector arrangement detects the orientation of the Plane 
of the polarized light received from the source and compares this 
orientation with the initial orientation to determine the amount or rate 
of angular displacement of the point of interest. The detector 
arrangement comprises a rotating polarizing filter and a dual filter 
and light detector unit. The latter unit comprises an inner aligned 
filter and photodetector assembly which is disposed relative to the 
periphery of the polarizer so as to receive polarized light passing the 
polarizing filter and an outer aligned filter and photodetector assem- 
bly which receives the polarized light directly, Le., without passing 
through the polarizing filter. The purpose of the unit is to compensate 
for the effects of dust, fog and the like. A polarization presenring 
optical fiber conducts polarized light from a remote laser source to 
the point of interest. 

Official Gazette of the U.S. Patent and Trademark Office 

N95-26160'1 McDonnell-Douglas Aerospace, Long Beach, CA. 
NOISE IMPACT OF ADVANCED HIGH LIFT SYSTEMS Final 
Report 
KEVIN R. ELMER and MAHENDRA C. JOSH1 Mar. 1995 66 p 
(Contract(s)/orant(s): NAS1-20103; RTOP 538-03-1 5-01) 

CAS1 HC AOMF A01 
The impact of advanced high l i  systems on aircraft size, 

performance, direct operating cost and noise were evaluated for 
short-to-medium and medium-to-long range aircraft with high by- 
pass ratio and very high bypass ratio engines. The benefit of 
advanced high IR systems in reducing noise was found to be less 
than 1 effective-perceived-noise decibel level (EPNdB) when the 
aircraft were sized to minimize takeoff gross weight. These aircraft 
did, however, have smaller wings and lower engine thrusts for the 
same mission than aircraft with conventional high lift systems. When 
the advanced high IR system was implemented without reducing 
wing size and simultaneously using lower flap angles that provide 
higher VD at approach a cumulative noise reduction of as much as 
4 EPNdB was obtained. Comparison of aircraft configurations that 
have similar approach speeds showed cumulative noise reduction of 
2.6 EPNdB that Is purely the result of incorporating advanced high 
lift system In the aircraft design. Author 

(NASA-CR-195028; NAS 1.26:195028; CRAD-9310-TR-0127) Avail: 

N95-26187 National Aeronautics and Space Administration. Lewis 
Research Center, Cleveland, OH. 
JET MIXER NOISE SUPPRESSOR USING ACOUSTIC 
FEEDBACK Patent 
EDWARD J. RICE, inventor (to NASA) 28 Feb. 1995 12 p Filed 10 
Feb. 1994 Division of US-Patent-5,325,661 (US Patent-Appl-SN- 
46256, filed 14 Apr. 1993) 
(NASA-CASE-LEW-15170-2: US-PATENT-5.392,597; US-PATENT- 
APPL-SN-194854; US-PATENT-APPL-SN-046256; US-PATENT- 
CLAssgo-204; US-PATENT-CLASS-271; INT-PATENT-CLASS- 
F02C7x)o) Avail: US Patent and Trademark Omce 

The present Invention generally relates lo providing an im- 
Proved jet mixer noise suppressor for high speed jets that rapidly 
mixes high speed air flow with a lower speed alr flow, and more 
particularly, relates to an improved jet mixer noise suppressor that 
uses feedback of acoustic waves produced by the interaction of 
shear flow instability waves with an obstacle downstream of the jet 
nozzle. Official Gazette of the U.S. Patent and Trademark Office 
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Indudes social sciences (general); administra tion and manage- 
merit - ' andinformationscience;economicsandcost 
analysis; law and pditical science; and urban technology and 
transportation. 

N%-24202# F e d e n a l A v i a t i O n w  . ,washington,Dc. 
FEDERAL AVIATION ADMINlSTRATlON PLAN FOR 
RESEARCH, ENGINEERING AND MVELOPMEHT, 19% 
Dec. 1994 216p 
Avail: CAS1 tic AlOlMF A03 

The Federal Aviebion Adrrrinistra tion (FM) manages and 
operates the National Airspace System (NAS). a Significant na- 
tionalreswrce.~ever,thedemandsa?lthksystemarecontinr- 
wsly growing, and changing techndogies provide the opporMty 
to improve system elfecthnws and efficiency. Today, 23 of the 
c0unt1~'s largest airports are plagued by more lhan 20,OOO hours 
of delay per year, which ispmjecbdto gmwto 40 a i m b y  
2OOO. Nationally. airtrafficdelayscostthe ecofmnyan eStimeted 
$6 billion in passenger delays and $3 billion in airtine operating 
costs in 1990. At arm trends, these casts will imease 50 
percent within 10 years. The FAA must ac#rmmodate the increns- 
ing demand on limited akport and airspace Capacity, deal with 

problems of an aging aitaaft (leet. These tequimmmls pobe 
unprecedentdchellenges.*rMchcenarlybemet~amajor 
investment in research, enghwhg Md dw&pmmt (R,E&D). 
The pmjects in this Plan am thore needed tom the fAALvirbrr 
o f t h e M u r e s y s t # n t o m a l i t y i n t h e a m & x t d a ~ ~  
system engineering pmoess. The Plan has enjoyed co&hbom 
from across the specbum of scientffic. operatknal, and uear 
communities.Plan contar& apacity and air traffic nmqmmni 
techndogy; canmunicat ions.na~.dsurvei l rmcs;~r ;  
airport technology; aireraft safety techndogy, system secudty 
technology; human factors and aviation medidne; envimm 
andenergy'andmavafiveEcooQerahve . msemch. Derivediromtext 

crucial airport security issues, and Eope with the dweseen 

The Flight Simulation Laboratory (FSL) Electronic Docurnem- 
tion s e e m  design consists of modification and u t i l i  of the 
MSFC Integrated Engineering System (IES). translation of the 
existing FSL dowmentation to an electronic format, and generation 
of new drawings to represent the Engine Flight Simulation Labora- 
tory design and implementah. The intent of the electronic docu- 
mentation is to prwide ease of access, local printlplot capebilie~. 
as well as the ability to correct and/or modify the stored data by 
network users who are authorized to access this information. 

Derived from text 
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. .knes A95-111- NationalAe~andspam- 
Research Center, Moffett FM, CA. 
SOFIA STRATOSPHERIC OBSERVATORY f OR INFRARED 
ASTRONOMY 
E. F. ERICKSON NASA Ames Reswci~ Center, Moffett Fdd, CA. 
US and J. A. DAVIDSON NASk Ames Research Ckltef, Mdfett 
F i . C A , U S  Spamastronomy;SymposimE2andMeetingsE10. 
E8 end Egofthe COSPAR. PlenaryMeeting.m, washington. Dc. 

Research (ISSN Orn-llTI) vol. 13. no. 12 December 1993 p. 
W w W  2)55s 
Copyrism 

SOFIA, (Smtoqhric Observatory for Infrared Astmmmy) is 
a planned 2.5 meter telescope to be installed in a Boeing 747 aircraft 
and operated at attihrdes from 41.000 to 46,OOO feet. It will permit 
routine mBBWrement of infnved ladiation - . franthe 
grounbbased sites, and obswmmn . ofasmnomd . objfzband 
transient events from anywhere in the wald. The cmcept is based 
onl8yearsofexpe&ncewRhNA!jA'sKuiperAirbomeobsmmbry 
(KAO), which SOFIA would replace. Author (Hemer) 

. .  

USA, Aug. 28 - Sep. 5. 1992. A9581512 AdvMces in Space 
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Mendmal distributions 01 NO(X) NO(Y). and other 
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I HTN-95-70944 I p 352 A95-78009 
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I HTN-95-918411 p354 A9540829 

Chemml compoation and photochemical reactwtly of 
exhaust from aircraft turkne engines 
[ HTN-95.51277 ] p356 A9580862 

Potenbal effects on ozone of Mure wpwsomc 
ancnH/ZD stnulabon 
I HTN-95-512821 p356 A9580887 

Impact on ozone 01 high-speed slralosphenc aircraft 
Eftects of the emission scenarm 
I HTN-95-512831 p356 A9540868 

The atmosphenc effects of stratospheric aircraft A 
fourth program report 
[NASA-RP-13591 D 357 N95-24274 

Nitrogen oxide emissions and their control from 
uninstalled aircraft engines in enclosed test cells Joint 
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documents, those identified by both the symbols # and from ESA - Information Retrieval Service 
European SpaceAgency, 8-10 rue Mario-Nikis, 75738 CEDEX 15, France. 
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NASA SP-7037 supplements and annual index are available from the NASA Center for Aerospace 
Information (CASI) on standing order subscription. Standing order subscriptions do not terminate at 
the end of a year, as do regular subscriptions, but continue indefinitely unless specifically terminated 
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(201) 733-7782 Fax: (201) 733-5648 

NEW MEXICO 

LIBRARIES 

Center 

UNIV. OF NEW MEXICO 
General Library 
Goa. Information Dept. 
Albuquerque, NM 87131-1466 
(505) 277-5441 Fax: (505) 277-6019 

NEW MEXICO STATE LIBRARY 
325 Don Gaspar Avenue 
Santa Fe, NM 87503 
(505) 827-3824 Fax: (505) 827-3888 

NEW YORK 
NEW YORK STATE LIBRARY 
Cultural Education Center 
DocumentdGW 8 Exchange Section 
Empire State Plaza 
Albany, NY 122304001 
(518) 474-5355 Fax: (518) 474-5786 

NORTH CAROLINA 
UNIV. OF NORTH CAROLINA - 
CHAPEL HILL 

WaHer Royal Davis Library 
CB 3912, Reference Dept. 
Chapel Hill, NC 27514-8890 
(919) 962-1 151 Fax: (919) 962-4451 

NORTH DAKOTA 
NORTH DAKOTA STATE UNIV. LIB. 
Documents 
P.O. Box 5599 
Fargo. ND 58105-5599 
(701) 237-8886 Fax: (701) 237-7138 

UNIV. OF NORTH DAKOTA 
Chester Fritz Library 
University Station 
P.O. Box 9000 - Centennial and 

Grand Forks, ND 58202-9000 
(701) 777-4632 Fax: (701) 777-3319 

OHIO 
STATE LIBRARY OF OHIO 
Documents Dept. 
65 South Front Street 
Columbus, OH 43215-4163 
(614) 644-7051 Fax: (614) 752-9178 

OKLAHOMA 
OKLAHOMA DEPT. OF LIBRARIES 
US. Govt. Information Division 
200 Northeast 18th Street 
Oklahoma City, OK 73105-3298 
(405) 521-2502, ext. 253 
Fax: (405) 525-7804 

University Avenue 

OKLAHOMA STATE UNIV. 
Edmon Low Library 
Stillwater. OK 740780375 
(405) 744-6546 Fax: (405) 744-51 83 

OREGON 
PORTLAND STATE UNIV. 
Branford P. Millar Library 
934 Southwest Harrison 
Portland. OR 97207-1 151 
(503) 725-4123 Fax: (503) 725-4524 

PENNSYL VANlA 
STATE LIBRARY OF PENN. 
Govt. Publications Section 
116 Walnut 8 Commonwealth Ave. 
Harrisburg, PA 17105-1601 
(717) 787-3752 Fax: (717) 783-2070 

SOUTH CAROLINA 
CLEMSON UNIV. 
Robert Muldrow Cooper Library 
Public Documents Unit 
P.O. Box 343001 
Clemson. SC 29634-3001 
(803) 656-5174 Fax: (803) 656-3025 

UNIV. OF soum CAROLINA 
Thomas Cooper Library 
Green and Sumter Streets 
Columbia, SC 29208 
(803) 7774341 Fax: (803) 777-9503 

TENNESSEE 
UNIV. OF MEMPHIS LIBRARIES 
Govt. Publications Dept. 
Memphis, TN 381 52-0001 

TEXAS 
TEXAS STATE LIBRARY 
United States Documents 
P.O. Box 12927 - 1201 Brazos 
Austin, TX 78701-0001 
(512) 463-5455 Fax: (512) 463-5436 

TEXAS TECH. UNN. LIBRARIES 
Documents Dept. 
Lubbock, TX 79409-0002 
(806) 742-2282 Fax: (806) 742-1920 

(901) 678-2206 F a :  (901) 678-2511 

UTAH 
UTAH STATE UNIV. 
Merrill Library Documents Dept. 
Logan, UT 84322-3000 
(801) 797-2678 Fax: (801) 797-2677 

VIRGINIA 
UNIV. OF VIRGINIA 
Alderman Library 
Govt. Documents 
University Ave. & McCormick Rd. 
Charlottesville. VA 22903-2498 

WASHINGTON 
WASHINGTON STATE LIBRARY 
Govt. Publications 
P.O. Box 42478 
16th and Water Streets 
Olympia, WA 98504-2478 

WEST VIRGINIA 

(804) 824-3133 Fax: (804) 924-4337 

(206) 753-4027 Fax: (206) 586-7575 

WEST VIRGINIA UNIV. LIBRARY 
Govt. Documents Section 
P.O. Box 6069 - 1549 University Ave. 
Morgantown, WV 26506-6069 
(304) 293-3051 Fax: (304) 293-6638 

WISCONSIN 
ST. HIST. SOC. OF WISCONSIN LIBRARY 
Govt. Publication Section 
816 State Street 
Madison. WI 53706 
(608) 264-6525 Fax: (608) 264-6520 

MILWAUKEE PUBLIC LIBRARY 
Documents Division 
814 West Wisconsin Avenue 
Milwaukee, WI 53233 
(414) 286-3073 Fax: (414) 286-8074 
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